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SUMMARY 


The  details  d  traveling  from  port  to  data  buoy  locations  for  data  buoy  system 
deployment  and/or  maintenance  provide  a  basin  for  determining  a  lar  ge  fraction  of 
the  annual  operating  cost  of  a  data  buoy  system.  Such  details  are  also  at  the  core  of  a 
series  of  highly  interrelated  and  impo*  ma*  questions  such  as,  ’How  many  buoys  shoti,d 
a  buoy-tending  ship  be  designed  to  carry?  What  Is  the  optimum  average  cruise  speed? 
How  many  deployment/maiatenaace  porta  should  be  used?  What  number  of  days  In  port 
should  follow  each  cruise  ?'  Answers  to  all  of  these  questions  and  others  of  similar 
nature  are  needed  to  provide  a  firm  basis  for  UJ3.  Coast  Guard  National  Data  Buoy 
Systems  development  planning.  This  study  includes  investigation  of  each  of  the 
questions  noted,  and  many  others .  The  results  of  the  investigations  are  presented  as 
functions  of  many  different  parameters,  including  number  at  buoys  in  the  system,  ship 
buoy-carrying  capacity,  ehip  average  speed,  number  of  deployment  ports,  number  of 
days  in  port  per  cruise,  tirae-to-  plant  each  buoy,  ship  operating  base  cost  per  sea  day, 
ship  maintenance  cost  per  day,  fuel  co»  per  n  mi,  and  others. 

In  this  study,  all  system  investigations  have  been  carried  out  in  the  following 
manner.  First,  analyses  were  performed  for  each  of  9  non -overlapping  geographical 
regions  called  Modular  Deployment  Zones  (MDZk)  covering  the  oceans  of  the  northers 
hemisphere.  Second,  certain  MDE  results  were  combined  for  6  KD&  collectively 
referred  to  as  the  Coartal  North  America  (CNA)  region  covering  the  waters  from  the 
North  American  coast  to  406  a  mi  off  shore.  Third;  the  results  for  foe  remaining  3 
MDfo  were  combined  for  a  region  (outs ids  CNA)  collectively  known  an  foe  corfonra 
hemisphere  Deep  Ocean  (DO)  region.  Finally,  results  tram  a&  9  NDfo  hove  been 
combined  to  give  averagea  for  each  at  the  seven  specific  data  buoy  systems  oonaidered, 
ranging  hi  sise  from  foe  MXMmoy  baseline  system  dowa  to  a  60-buoy  system. 

To  make  tide  mudti -dimensional  stedy  possible,  T3RG  developed  and  prcgraaemod 

for  foe  oopbeier  a  buoy  4 wftoymmAfaaMuaima  almulatise  and  cost  model.  The 
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modal  aocspti  os  b$a*B  foe  gwigrapfcfcm!  location*  of  dale  buoys  and  ports,  ooets, 
rnflut  id  niMMiaM  tc  hrvyfifrf  anted  <taan  daadh  for  eitnh  hacev  kmhiK.  — *A 

sequential  schedules  for  dopKoyiMfe*  or  mabrtanaBoe  of  buoys,  The  simulation  medal 
eonprtw  foe  dfotaace  travefod  ter  nwh  ctrutec  ueaag  foe  gwrnt  aCrde  domes  bsftwen 


points;  it  th«n  generates  i*-ise  time  m  a  function  of  speed  and  tims-to-planl  each 
bucy  under  both  ideal  conditions  (safety  factor  of  1.0}  and  under  the  assumption  that  a 
safety  factor  such  as  4/3  is  nee  to  make  allowance  for  bad  weather  and  other 
uncertainties .  In  addition  to  eompuHng  distance,  time,  and  costs  associated  with 
deplcyment/nwiintenance  cruises,  the  .model  also  accepts  busty  hardware  coats —both 
fixed  and  depth  dependent,  such  as  mooring  line  cost— and  computes  the  in  dividual  and 
cumulative  coats  of  all  buoys  deployed.  Avers  m  values  are  calculated  for  distance 
traveled  per  bucy  planted,  ship  p® rating  cost  per  buoy  planted,  mooring  depth  per 
buoy,  hardware  cost  per  buoy  .deployment  time  per  buoy,  buoys  deployed  per  ship -year,  etc. 

The  TRC  buoy  dsployment/malntenance  modal  has  been  structured  to  facilitate 
modifications  and  additions.  In  its  present  state  toe  model  is  applicable  to  a  compar¬ 
able  study  of  air-droppable  data  buoy  systems,  or  for  a  study  of  the  use  of  aircraft  or 
ships-of-opportunity  to  obtain  marine  data,  etc. 

The  results  of  studies  such  as  tola  are  recognized  to  be  only  as  good  as 

•  The  model  programmed, 

•  The  ranges  and  values  of  parameters  used, 

•  Values  of  system  constants  used. 

The  bs*4'*  ..ructurc*  or  toe  tisne-to- deploy  and  ooet-to-deploy  models  are  simple  sad 
straightforward  and  are  believed  to  be  acceptably  cloee  to  real-world  conditions . 

Beet  strategies  for  deployment  cruise  scheduling  is  a  relatively  complex  question  for 
which  there  is  no  exact  general  solution,  although  for  any  given  set  of  port  and  buoy 
locations,  there  Is  always  one  set  of  deployment  cruise  schedules  that  Is  at  least  as  good 
or  bettor  than  any  other  set  out  of  the  total  of  all  possible  schedules.  Because  toe 
variables  In  this  problem  include  (1$  chip  buoy-cairying  capacity,  (2)  number  and  loca¬ 
tions  of  buoys  in  a  given  geographical  region,  and  (3)  port  locations,  it  was  sleeted  not 
to  attempt  to  optimize  deployment  cruise  schedules,  but  to  u«e  schedule  strategies  that 
could  at  least  be  shown  explicitly  tn  specific  instances  to  be  bettor  then  other  strategies 
that  appear  intuitively  to  be  as  good  or  bettor.  Several  such  scheduling  strategies  have 
been  investigated  and  those  shown  to  be  beet  were  used  where  applicable  in  tola  study. 
Thus,  although  the  deployment  cruise  schedules  used  herein  are  not  suggested  as 
optimum.  It  is  considered  that  the  schedules  are  probably  very  clues  to  optimum.  The 


iv 


ranges  and  values  of  parameters  used  in  this  study  were  specified  by  the  U.3.  Coast 
Guard  National  Date  Buoy  Systems  Designated  Project  Office  (U8CG  NDBS  DPO).  Moat 
of  the  study  results  summarised  below  are  greatly  dependent  on  the  accuracy  otf  the 
parameter  values  and  are  confined  to  the  parameter  ranges  specified  by  the  NDBS  DPO. 

One  of  the  moet  significant  results  to  emerge  from  this  study  applies  to  die  buoy 
deploymeut/maintenance  ship.  For  the  cost  values  supplied  and  die  range  of  parameters 
investigated,  the  12-buoy,  18  kt  ship  was  clearly  superior,  based  on  average  ship 
operating  coat  par  buoy  planted.  This  conclusion  has  been  shown  to  be  Independent  of 
selected  variations  in  ship  operating  base  cost  per  sea-day,  time -to- plant  each  buoy, 
number  of  deployment  ports,  xelative  proximity  of  buoy  network?  to  deployment  port, 
and  to  corporatism  of  prorated  ship  construction  coats.  The  alternatives  on  either  side 


of  the  12-buoy,  18  kt  ship  roosting  $16.4  million)  are  the  8-buoy,  15  kt  ship  (costing 
$11.6  million)  and  the  12-buoy,  21  kt  ship  (costing  $20  J  million).  Choice  of  the  12- 
buoy,  18  kt  ship  shows  typical  savings  In  average  ship  operating  cost  per  buoy  planted 
to  be  of  toe  order  of  15-17%  when  compared  with  the  8-buoy,  15  kt  sh$,  and  of  die 
order  of  6-10%  when  compared  with  the  12-buoy,  21  kt  ship.  Comparison  with  the 
other  ships  considered*  shows  even  higher  savings.  As  noted  earlier,  the  validity  of 
this  result  depends  strongly  on  the  accuracy  of  toe  cost  factors  provided. 

Another  salient  result  from  toe  same  phase  of  the  study  dud  iadtosted  host  stop 


characteristics  sas  tki  range  of  value*  that  tppeared  In  ayphr  far  m 
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The  system  development  planning  factor,  average -ship-operatlng-cost-per-buoy- 
planted,  is  sensitive  to  variation  in  base  ship  operating  cost  per  sea-day.  For  the 
12-buoy,  18  kt  ship  (and  the  other  conditions  noted  earlier),  the  average  ship  operating 
cost  per  buoy  planted  varies  approximately  $3.00  in  proportion  to  every  $1.00  change  in 
base  ship  operating  cost  per  sea -day .  The  variation  is  higher  for  other  ship  configurations . 

There  is  also  sensitivity  of  the  average  ship  operating  cost  planning  factor  to 
variation  in  time-to-plant  each  buoy.  For  die  12-buoy,  18  kt  vessel  (and  the  other 
conditions  noted  earlier),  the  sensitivity  is  of  the  order  of  $230  saved  per  buoy 
planted  for  each  hour  reduction  in  time-to-plant. 

Average  ship  operating  coat  per  buoy  planted  Is  sensitive  to  the  number  of 
scheduled  days  in  port  per  cruise  undertaken.  Moot  of  the  results  In  this  report  are 
based  on  10  pt  rt  days  per  cruise,  but  factors  of  5  port  days  and  20  port  days  were 
also  investigated  for  both  3-port  and  8-port  deployment  configurations .  For  the  12- 
buoy,  18  kt  ship  and  3-port  deployment,  use  of  5  port  days,  in  place  of  10  port  nays, 
reduces  average  ship  operating  cost  per  buoy  planted  by  12%;  using  20  port  days  per 
cruise  Increases  the  average  cost  per  buoy  planted  by  28%.  For  the  8-port  deploy¬ 
ment,  comparable  changes  am  13.6%  reduction  and  27%  increase,  respectively.  Added 
costs  such  as  those  commensurate  with  a  two-crew  concept  ("Blue"  crew  «nd  "White" 
crew)  needed  to  sustain  the  8  port  day  condition  have  not  ben  taken  into  account. 

Use  of  $  deployment  ports,  rethsr  than  3  ports,  indicate-'  for  the  12-buoy,  16  kt 
si#  (and  the  other  cotktittcm*  noted  earlier)  the  possibility  of  a  9%  reduction  in  averts#* 
«i#  operating  cost  per  buoy  planted  In  the  CNA  region,  a  7%  reduction  la  the  DO  region, 
tad  a  reduction  of  slightly  mors  than  6%  for  both  regions  combined.  &  selected  6©& 
the  saving  could  run  as  high  as  16%.  Boos  el  these  comments  takes  teto  account  the 
adttticnal  expense  of  construction  or  maintenance  at  the  additions!  5  ports.  In  an  over¬ 
all  sense,  these  additional  costs  would  reduce  the  degree  at  saving  noted. 

Overall  el#  operating  cent  was  computed  for  deployment  of  each  of  %»  seven 
data  butcy  systems  considered.  When  using  the  12-buoy,  18  kt*t4i>  (tndtfea otfca- oondtUou* 
noted  ear  Her)  total  deployment  cote  rangpe  from  $6,111  million  for  tee  106  bu«y  bass- 
tine  sjrjtem,  to  $0,664  million  far  die  60-tmoy  system.  Tote!  deployment  cost  is 
essentially  a  iteear  function  of  nmafeer  of  buoys  la  the  system.  For  systems  of  mere 
than  US  buoys.  CNA  deploy-mete  cost  represents  about  69%  of  tee  tetel  deployment  cote, 
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although  the  number  of  CNA  buoys  represents  about  70%  of  the  total.  The  DO  buoys 
are  farther  apart  and  at  greater  distances  from  deployment  ports  and,  therefore,  coet 
more  to  deploy  than  CNA  buoys.  These  total  deployment  costs  are  for  ideal  conditions 
(safety  factor  of  1 .6) . 

Buoy  hardware  coats  (considered  to  be  conservatively  high)  for  a  data  buoy 
comparable  to  the  ONR  discus  were  used  to  illustrate  the  cost  capabilities  of  the  TRC 
buoy  deployment/maintenance  simulation  and  coet  model.  It  was  determined  that  the 
cost  of  hardware  deployed  in  the  500-buoy  system  would  be  about  $146  million  and 
nearly  5  million  ft  of  mooring  line  (one-point  mooring,  scope  at  l.G)  would  be  required. 
Under  the  assumption  that  oceanographic  sensor  packages  would  be  moot  ^ag-mounted 
at  up  to  20  1APSO  levels  through  5000  m  depth,  8,336  packages  would  be  required— 
an  average  of  18.8  sensor  pack*.;;#  *.-*■  buoy.  Using  the  hardware  costs  provided, these 
sensor  packages  represent  40%  of  die  total  buoy  hardware  cost,  and  the  mooring 
represents  6%  of  the  cost.  (The  buoy  hull  cost  would  be  only  27%  of  the  total.)  The 
buoy  hardware  costa  cited  in  this  report  are  not  intended  for  use  in  financial  planning. 

Another  useful  planning  factor  that  has  emerged  from  this  investigation  is  the 
average  maximum  number  erf  buoys  deployed  per  shir-year*  Far  the  12 -buoy  18  id 
ship  and  3-port  deployment  (and  the  other  conditions  notedaarher),  this  planning  factor 
has  maximum  numbers  of  booys  planted  per  ship-year  of  137  CKA  tears.  or  W>  DO 
buoys,  or  120  buoys  for  the  combined  regions.  If  S  port  deployment  is  wed,  the  value# 
become  141  CNA  buoys,  $6  IX)  buoys,  or  126  combined  DO  tad  CNA  buoys  planted 
per  ship-year.  These  factors  apply  for  a  safety  fsetor  ef  1.0  (ideal  eondldoee)  and 
probably  oteuld  be  degraded  fey  10%  to  30%  to  eoootad  for  ted  weather  and  ether 
ttoeal  uncertainties. 

One  of  the  minor  goals  of  this  study  was  to  consider  bfteS?  flftewa  rated** 
effectiveness  *  the  seven  busy  system  oeeftfaratteae*  (The  beep  ytetew  varied  hath 
is  masters  and  leot&fic*  d  buoys.)  dome  system  reiettre  eteettvmiees  sate*  hew 
bees  oteabMd,  feet  It  In  atraseed  that  this  wan  tew  wore  to  tSaatxsfia  tews  ef  dkfe 
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facets  of  a  more  comprehensive  study  cf  system  relative  effectiveness  that  should  be 
undertaken.  Such  a  study  would  cor  entrate  on  relating  numbers  and  locations  of  buoys 
to  the  potential  economic,  research,  social,  and  -'ilitary  benefits  that  might  derive 
from  the  use  of  the  collected  date  and/or  data  products  (forecasts,  etc.).  The  minor 
effort  undertaken  for  this  report  indicates  that  marginal  system  relative  effective¬ 
ness  per  buoy  added  would  be  greatest  fur  the  small  60-buoy  sy*tesn  and  would  ec.ease 
almost  linearly  as  the  number  of  data  buoys  in  the  system  increases.  Beyond  the  375- 
bupy  point  (nearly  05%  system  relative  effectiveness)  the  marginal  increase  for  each 
added  buoy  is  quite  small.  In  part,  this  conclusion  is  due  to  the  assumption  that  the 
500-buoy  baseline  system  is  100%  effective.  The  brief  attention  devoted  to  this  subject 
suggests  that  system  relative  effectiveness  is  greatly  enhanced  by  allowing  the  system 
designer  considerable  freedom  to  select  buoy  locations  that  are  closely  related  to 
satisfying  data  requirement*  that  have  high  benefits.  An  alternative  to  this  policy— 
building  up  the  number  of  buoys  with  uniform  emphasis  in  all  9  Modular  Deployment 
Zones— is  shown  to  be  much  less  effective,  in  general. 

As  noted  at  the  outset  of  this  summary,  the  primary  goal  of  this  study  ha*  bee., 
the  provision  of  analyses  and  results  to  aid  the  development  planning  for  National 
Data  Bucy'  Systems.  It  is  recogrdied  that  this  study  is  net  definitive  in  many  of  the 
subject  area*  addressed,  but  it  is  believed  that  the  study  results,  properly  interpreted 
in  their  application,  will  suffice  as  a  partial  foundation  for  planning  at  this  stags  of 
development  of  National  Data  Buoy  Systems.  As  buoy  and  port  locations,  coets,  and 
other  factor*  become  more  firmly  established,  the  buoy  deployment/ maintenance 
simulation  and  cost  model  can  be  used  to  refine  or  develop  aa  needed  planning  factor* 
each  as  those  presented  in  this  report .  Aa  interest  shifts  from  deployment  of  buoys  to  cyclic 
maintenance,  the  computer  model  can  still  be  used.  Addition  of  other  feature*  to  the 
model,  such  *s  weather  eondJtJoc*  and  some  decision  rule*  relating  weather  and 
operatic**,  can  and  should  be  undertaken,  la  this  vein,  then,  this  study  offer*  an  initial 
found* tt on  for  certain  fee  'ta  of  MDBS  development  planning,  rnd  an  invitation  to  use 
these  results  as  a  point  of  departure  for  further  stud?  effort*. 
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FOREWORD 


Contract  Number  DOT-CG-82504-A  between  the  U.  S,  Coaat  Guard  and  The 
Traveleis  Research  Center,  Inc.  (TRC)  consists  of  five  parallel  activities.  The  five 
final  reports  stemming  from  these  activities  are  entitled: 

(1)  Applicability  of  National  Data  Buoy  Systems  to  Refined  National 
Requirements  for  Marine  Meterological  and  Oceanographic  Data 

(2)  Characteristics  of  National  Data  Buoy  Systems:  Their  Impact 
on  Data  Use  and  Measurement  of  Natural  Phenomena 

(3)  Cost  Effectiveness  Sensitivity  of  National  Data  Buoy  Systems: 

An  Essay 

(4)  Computer  Programs  for  National  Data  Buoy  Systems  Simulation 
and  Cost  Models 

(5)  An  Analysis  of  Cruise  Strategies  end  Costs  for  Deployment  of 
National  Data  Buoy  Systems 


Each  of  these  five  report#  is  complete  in  itself,  hut  it  must  be  recognised  that 
in  all  instances  the  other  four  activities  both  influenced  and  contributed  to  the  results 
presented  In  each  individual  report. 

The  present  U9CG/TRC  contract  ie  an  outgrowth  of  a  study  of  the  feasibility  of 


national  data  buoy  systems  performed  by  TRC  and  Alpine  Geophysical  Associates  far 
the  U9CG  during  1967.  Need  was  evident  for  Investigation,  research,  sad  analysis  la 


greater  depth  to  several  areas  to  support  toe  concept  formnlattoe  aid  dspfeyneafc 
plaaatog  efforts  of  toe  aswty-fwrmed  V.  8.  Coaat  Quart  Natfoaal  Data  Booy  fe*e«e 
Designated  Project  Otttoe  (MB#®  DPO).  Tfcto  report  tad  to*  otoer  fear  sttk  afceve 
sr*isfr  some  of  feoae  needs 


Ail  fiat  TRC  raporta  town  heaefltod  from  m  elaas 


aflbrdsd  hy  the  UBCG  KDK  DPO. 


CaaigfeMttaaa  In  been  mafehy  Capt.  J , 


(Project  ttaaapr),  Cmdr.  V.  Marta*,  J.  fech r.  C.  PMfer,  9.  Merrill.  at*  U. 


1.0  INTRODUCTION 


As  part  of  the  1968  TRC  contractual  effort  for  the  U,  3.  Coast  Guard  National 
Data  Buoy  System  Designated  Project  Office  (NDBS  DPO),  TRC  proposed  to  develop 
a  computer  automated  data  buoy  system  deployment  and  maintenance  mooel.  This 
model  is  described  in  Reference  1.  For  NDBS  DPO  technical  development  planning 
purposes,  it  was  considered  necessary  to  have  a  more  sophisticated,  flexible  system 
simulation  deploy m*»ut  and  maintenance  model  than  was  used  for  the  1967  National 
Data  Buoy  Systems  Feasibility  Study.  (2] 

TRC  also  proposed  as  part  of  its  1968  effort  for  the  NDBS  DPO  to  use  the  de¬ 
ployment  aspects  of  the  computerized  simulation  mode!  to  analyze  a  selected  number 
of  system  deployment  and  operations  characteristics  to  provlcte  inputs  for  NDBS  DPO 
technical  development  planning  for  potential  national  data  buoy  systems.  This  report 
presents  the  results  of  the  analysis  of  data  generated  by  the  buoy  deployment  and 
maintenance  simulation  and  cost  model. 

l,  1  Objectives 

The  principal  objective  of  this  study  is  to  develop  cost  inforr  istior  related  to  the 
physical  deployment  of  data  buoys  at  specified  locations  throughout  the  northern  hem¬ 
isphere  Deep  Oceans  and  the  Coastal  North  American  Region  extending  400  nautical 
miles  fa  mi)  from  shore. 

A  number  of  corollary  objectives  are  also  met  in  the  oourse  of  satisfying  fttc 
principal  objectives.  Thaws  are; 

•  Deteradnatton  o I  deployment  ship  bney-teplaattep  oapoHlIly  per 
unit  time  fur  each  of  f  Identified  geographical  regtoan. 

e  DeBasadoa  of  aean&lvhy  of  co*u  to  variations  la: 

-  been  post  par  4dy  <rf  ryewitna  at  ana 

-  Urn  rnspatrH  an  plnte  aecfc  fanny 

•  ennfcnr  efdafri  •  I*  npnntte  port  faStrstag  each  crate* 


1,  2  Limitation 

As  is  often  the  case  with  studies  of  this  type,  a  number  of  limitations  must  be 
imposed  on  the  use  of  the  results.  Primary  among  these  is  the  need  to  recognize  that 
ship  operating  costs  for  deploying  buoys  as  presented  herein  represent  the  minimum 
attainable  costs,  because  effects  of  seasonal  climate  changes  and  daiiy  weather  condi¬ 
tions  have  not  been  considered.  Also,  the  possible  inability  of  the  deployment  nhlp  to 
carry  out  buoy  Implanting  during  night  hours  has  not  been  expressly  taken  Into  account, 
although  the  range  of  time-to-impiant  Investigated  should  be  adequate  to  cover  all  in¬ 
teresting  pos s lb* title s.  These  limitations  on  the  use  of  the  results  of  this  study  are 
considered  to  be  minor  at  this  stage  of  technical  development  planning,  because  a 
broad  scope  of  conditions  has  been  investigated  and  the  limitations  noted  can  be  easily 
circumvented  by  reasonable  interpretation  of  the  data  and  the  results  of  the  analysis. 

Since  many  of  the  results  of  this  study  are  presented  in  the  form  of  costs.  It  is  ob¬ 
vious  that  one  potential  limitation  on  the  use  of  the  results  hinges  on  the  degree  of  ac¬ 
curacy  associated  with  the  cost  input  data.  Cost  data  were  provided  by  the  NDBS  DPC 
for  basic  ship  cost  per  day,  fuel  cost  per  n  mi  as  a  function  of  both  ship  buoy-carrying 
capacity  and  speed,  and  maintenance  cost  per  day  pertaining  to  snip  components  talso 
a  function  of  ship  buoy-esrrying  capacity  and  speed).  In  addition,  construction  costs 
were  given  for  ships  of  various  buoy-carrying  capacities  (4,  6,  9,  10,  and  12)  and 
speeds  (9,  U,  IS,  18,  21,  24,  27,  sad  30  kt).  In  general,  the  ship  maintenance  costs 
provided  tend  to  be  constant  as  s  function  of  speed  In  the  range  of  9  to  15  kt,  but  duty 
vs ary  over  a  rsnge  of  $259  to  9800  per  day  as  s  iioctioe  of  buuy-csrryteg  capacity.  As 
i peed*  increase  to  values  above  18  kt,  ship  maintenance  cost  rises  to  $1400  per  !*y  at 
30  kt  for  all  buoy-carrying  capacities  considered,  fuel  costs  have  similar  character - 
lottc*  rasftng  between  $3  fe>  $4  par  a  au  at  low  speeds  and  for  varying  capacities;  Awl 
coat  rises  to  $$9  par  a  ml  at  $0  kt  for  all  booy -carrying  capacities.  Skip  construction 
cost*  range  from  approximately  $8  ssliikm  for  a  ship  with  a  4  buoy-carrytng  capacity 
it  ten  tow  spaed  range,  to  $38  million  for  a  20  kt  abip  regardless  of  buoy -carrying 
capacity  te  foe  rant*  considered  (4  to  IS  buoys),  la  idifttrw  to  the  matetonaone  and 
foal  ooata,  &  reaps  for  baas  ooet  per  asa-diy  of  Uftto  to  $9900  was  established  by  the 
NONtDPO.  System  ooet  data  ware  to  be  oaloadistod  by  the  nodal  at  these  two  vale— 
and  at  an  intermediate  value  of  $6000.  Theaa  costa  ere  ooeeldsred  representative  of  e 
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number  of  various  shipborne  personnel  confirmations  covering  a  variety  of  seaborne 
operational  deployment  and  maintenance  concepts. 

It  was  considered  desirable  by  the  NDBS  DPO  to  establish  a  measure  of  system 
effectiveness  provided  by  each  of  the  seven  buoy  system  configurations  outlined  below 
The  NDBS  DPO  recognized  that  at  this  stage  of  deployment  effort,  only  a  subjective 
analysis  of  this  question  could  be  undertaken  by  TRC.  Before  a  thorough  study  of  this 
subject  can  take  place,  it  will  be  necessary  for  the  government  agencies  stating  data 
requirements  to  undertake  a  comparative  evaluation  of  the  relative  value  of  marine 
invironmental  data  as  a  function  both  of  parameters  measured  and  geographical  area 
from  which  the  data  are  collected.*  Other  important  facets  of  this  problem  mclude 
location  of  sensors  in  the  vertical  and  reporting  time  schedules,  as  well  as  instrumenta¬ 
tion  accuracy,  range,  etc.  The  data  products  to  be  prepared  and  the  benefits  derived 
from  the  ultimate  use  of  the  data  products  are  also  important  ingredients  in  determining 
system  effectiveness.  Until  relative  values  of  data  and  benefits  have  been  determined  by 
the  required  agencies,  it  is  not  possible  to  carry  out  *  truly  objective  anafysis  of  system 
effectiveness,  it  is  hoped  that  the  subjective  results  described  here  may  be  of  some  use 
in  generating  the  data  base  required  for  future  objective  system  effectiveness  analyses 

In  this  ctudy.  the  utput  of  the  buoy  deployment  model  Is  many-fold.  It  provides; 


*  The  approximate  ooet  of  all  buoys  deployed.  Individually  by  location 
in  one  of  the  nine  regions,  and  in  total 


•  The  total  length  of  mooring  line  required,  aa  above 

e  The  total  dumber  of  Kw^-tog-mowned  nederwooer  smmwgngk*-'  sen¬ 
sor  packages,  as  above 

•  The  total  distanoe  traveled  far  each  end  ae  and  the  total  distance  traveled 


e 

e 


for  the  entire  deployment,  by  gsofraphiori  regions  and  is  total 

The  swrafs  harrinare  post  per  buoy  rlanM,  as  above 


Vu  effect  to  ooilnut  relit m 


the  IMS  USCO/tffeC 

taffeta  otaOv. 


(»,  4),  bat  tiny  women!  ante 
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*  The  minimum  number  of  sea-days  required  for  each  cruise 

*  The  total  number  of  sea -days  required  for  an  entire  deployment,  oy 
geographical  regions  and  in  total 

*  The  number  of  port-days  per  cruise 

*  The  total  number  of  port-days  for  an  entire  deployment,  by  geograph¬ 
ical  regions  and  in  total 

*  The  total  ship  cost  (sea-days  plus  port-days)  for  m  entire  deployment, 
both  as  a  minimum  value  and  with  a  4/3  safety  factor  applied 

*  The  sensitivity  of  system  costs  to  variation  in  base  cost  per  sea -day 
($2000,  $5000,  $8000/day) 

®  The  sensitivity  of  system  costs  to  variation  in  time-to-impiant  each 
buoy  *12,  24,  30,  36  hours) 

*  The  costs  of  implanting  buoys  as  a  function  of  ship  speed  (9  to  30  kt 

ir.  increments  of  3  kt)  and  ship  buoy-carrying  capacity  (4, 6,8, 10, 12 buoys) 

b  The  average  distance  traveled  per  buoy  planted  in  each  of  ihe  niife 
geographical  areas 

*  The  average  number  of  days  required  to  plant  each  buoy,  as  above 

*  The  average  number  of  buoys  planted  in  a  335  day  working  year 
Topical  examples  <■  Vie  buoy  deployment  and  maintenance  simulation  and  cost 

compUv.  r  model  output  are  shown  in  Appendix  A.  The  usefulness  of  the  computer  model 
employed  in  this  buoy  deployment  study  extends  beyond  the  applications  described  here. 
For  example,  the  model  has  been  designed  to  accommodate  scheduled  maintenance  of 
buoys,  in  which  tne  number  of  buoy's  visited  exceeds  the  number  carried  and,  hence, 
on-board  refurbishment  of  data  buoys  is  required.*  The  model  can  accommodate  the 
concept  of  leaving  a  port,  visiting  a  depot  to  take  on  buoys,  deploying  (or  maintaining) 
buoys  and  then  returning  to  a  different  depot  and/or  port.  The  model  can  be  instructed 
to  teat  the  ability  to  go  to  each  successive  buoy  location  and  return  to  port  within  a 
specified  total  number  of  cruise  days.  Thi  i  feature  i"  especially  useful  for  testing  the 
feasibility  of  minimizing  the  number  of  maintenance  cruises  by  use  of  an  on-board 
refurbishment  concept.  It  is  anticipated  that  the  buoy  deployment  and  maintenance 
computer  model  will  be  of  use  to  the  NDBS  DPO  throughout  the  foreseeable  future. 


♦In  this  report,  refurbishment  implies  both  replacement  of  convents  and  minor 
repairs  of  non- replaceable  items  such  as  the  buoy  hull. 
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1. 3  Approach 

The  approach  undertaken  in  this  study  has  been  developed  in  close  conjunction 
with  U.  S.  Coast  Guard  NDB3  DPO.  For  example,  the  NDBS  OPO  selected  Portsmouth, 
Va. .  San  Francisco,  Calif. ,  and  Honolulu,  Ha.  f  as  deployment  ports.  With  NDBS 
DPO  guidance  it  was  decided  that  the  baseline  NDBS  system  for  the  study  would  con¬ 
sist  of  500  data  buoys  in  the  northern  hemisphere,  with  150  Deep  Ocean  (DO)  buoys 
spaced  approximately  500  n  mi  apart  and  350  Coastal  North  American  {CNAj  buoys 
spaced  approximately  100  n  mi  apart  in  a  region  around  the  North  American  Continent 
out  to  400  n  mi  from  shore.  These  spacing s  are  considered  representative  of  fineness 
of  grid  sufficient  to  satisfy  a  majority  of  the  identified  operational  data  requirements  in 
these  regions.* 

Six  additional  buoy  network  configurations  were  also  selected  for  this  study. 

They  iuclude  a  three-fourths  baseline  system  (375  buoys),  two  50  percent  base  line 
configurations  (2 50  buoys  each),  two  25  percent  base  configurrtioES  (each  125  buoys) 
and  a  12  percent  baseline  configuration  (50  buoys). 

The  rationale 8  for  locating  data  buoys  in  the  DO  and  CNA  regions  were  deter¬ 
mined  in  gross  fashion  in  conjunction  with  the  NDBS  DPO;  details  of  actual  choice 
of  latitudes  and  longitudes  were  left  in  file  handy  of  TRC.  In  general,  the  approach 
used  for  choosing  buoy  locations  was  as  follows:  Meeting  grid  spacing  requirement* 
cf  500  and  100  n  mi  dictated  the  locations  of  most  of  the  buoys  in  the  baseline  system; 
location  of  the  375  buoys  in  the  thr ee-fourths  baseline  system  was  based  on  a  600  n  mi 
DO  grid  and  &  variable  100-150  n  mi  CNA  grid  developed  as  part  of  the  1268  refine¬ 
ment  of  marine  environmental  data  requirements  carried  on  at  TRC  in  parallel  with 
this  study  [$}.  Many  of  the  375  buoys  are  located  to  meet  specific  operational  require¬ 
ments  stated  by  U.  S.  government  agencies.  The  grid  spacing#  for  the  376-buoy 
system  have  been  accepted  by  agency  representatives  as  reasonable  for  an  Initial 


*ln  an  actual  deployment,  the  positioning  of  buoys  will  be  a  function  of  many  var¬ 
iables  and  inputs.  For  the  purposes  of  this  study,  it  is  considered  sufficient  to  deal 
with  representative  numbers  of  buoys  at  representative  spacing*  in  the  geographical 
regia?*  of  interest.  The  number  of  buoys  involved  is  sufficiently  large  to  give  a 
good  statistical  sample,  es  can  be  seen  from  the  results  discussed  in  the  remainder 
of  this  report. 
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NDBS  in  the  DO  and  CNA  regions.  (The  agencies  have  not  approved  the  locations  used 
in  the  375-buoy  networks. )  Locations  for  the  one -hail  baseline  system  fell  into  two 
categories.  In  one  category  the  locations  of  the  250  buoys  were  left  to  the  discretion 
of  the  “system  designer”  and  tended  to  be  specified  at  those  250  locations  c£  the  875- 
buoy  system  subjectively  deemed  most  beneficial  to  chits  users.  In  the  second  category 
the  “system  designer”  was  constrained  to  locate  buoys  in  each  of  the  9  geographical 
regions  in  the  northern  hemisphere;  the  number  of  buoy  a  for  each  region  was  constrained 
to  be  50  percent  of  the  number  c*'  baseline  buoys  originally  resulting  from  the  desired 
grid  spacing  in  that  region.  These  same  rationales  were  used  in  choosing  locations  for 
each  of  the  one-fourth  baseline  systems  (there  are  two).  Buoy  locations  for  the  12 
percent  of  baseline  system  were  left  to  the  discretion  of  the  “system  designer.” 

Is  all  caeca  left  to  the  discretion  of  the  "system  designer, "  there  was  a  general 
understanding  between  TRC  and  the  NDBS  BPO  that  in  the  event  there  were  smell  num¬ 
bers  of  buoys  deployed  in  a  given  region,  the  locations  would  tend  to  concentrate  more 
or  less  in  the  vicinity  of  the  deployment  porta  and  that  no  isolated,  special  purpose 
buoys  at  great  distances  from  port  would  be  included.  The  NDBS  DPO  specified  that 
the  study  should  consider  ships  with  buoy-carrying  capacities  of  4,  6,  8,  10,  and  12 
data  buoys.  The  exact  deployment  cruise  schedules  from  port  to  bucy  locations  and 
back  to  post  were  selected  by  TRC.  While  it  is  clear  that  each  cruise  is  a  form 
of  the  classical  Traveling  Salesman  Problem  (for  which  there  is  no  general  solution), 
the  nature  of  the  buoy  locations  -  meet  being  essentially  at  points  in  a  grid  rather  than 
randomly  distributed  throughout  a  given  area  -  is  such  that  rather  clear-cut  preferable 
strategies  for  ship  deployment  of  buoys  become  quickly  evideut.  Substantiating  details 
for  this  statement  are  given  in  Appendix  B. 
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2.0  CONCLUSIONS 


The  following  conclusion*  drawn  front  this  study  must  be  weighed  by  the  reader 
with  due  consideration  to  the  limitations  of  the  buoy  deployment  model  and  the  recogni¬ 
tion  that  representative  cost  data  and  representative  buoy  locations  have  been  used 
throughout  the  study  (see  Section  1.2). 

2.1  Ship  Characteristics 

All  aspects  of  this  stucty  make  evident  that  the  optimum  average  ship  speed  for 
deployment  of  Deep  Ocean  and  Coastal  North  American  buoys  lies  in  the  range  of  IS 
to  18  kt.  The  average  cost  per  buoy  planted  is  manotonically  decreasing  ss  a  function 
of  increasing  ship  buoy -carrying  capacities,  throughout  the  ship  buoy -carrying  capacity 
investigated.  Loosely  speaking  there  is  a  two- to- one  reduction  in  average  cost  per 
buoy  planted  between  the  4 -buoy  ship  and  the  12-buoy  ship,  st  all  speeds.  About  two- 
thirds  of  this  Improvement  is  achieved  in  going  from  a  4-buoy  to  an  8-buoy  ship.  For 
an  average  time-to-plant  each  buoy  at  84  hours,  there  does  not  appear  to  be  a  strong 
reason  for  considering  buoy -carrying  capacities  in  excess  at  12,  as  long  as  22.5  days 
represents  a  desired  cruise  time  for  ideal  operating  conditions*.  Thus,  the  8-buoy, 

15  kt  ship  at  a  construction  cost  of  $11.6  million  represents  what  might  appear  to  be  a 
"best"  ch  doe,  but  provides  little  system  flexibility.  The  $16.4  ml  ill  an  ship,  capable  of 
operating  it  average  speeds  of  18  kt  end  carrying  12  buoys,  represents  a  more  expensive 
choice  in  terms  of  ship  construction,  but  it  is  a  ehoioe  that  provides  aU  the  flsKtbillty 
that  appears  necessary  for  both  deployment  and  later  buoy  maintenance . 

2.2  Deployment  8hlp  Cruise  Strategies 

Schedules  for  ship  ope  rati  on  from  port-to-buoy  locations  and  back  to  port  are 
generally  'iMat”  when  approximately  half  the  buoys  are  deployed  on  the  trip  out  to  the 
farthest  buoy  visited  sod  the  other  half  are  deployed  on  the  return,  and  the  deployment 
covers  a  roughly  rectangular  "block"  of  buoys.  If  buoys  were  located  aocordtag  to 


*This  implies  s  safety  factor  of  1.0.  If  a  safety  factor  of  4/S  is  used,  the  desired 
maximum  cruise  time  becomes  30  days,  of  which  7.5  days  is  allotted  to  delays  uauned 
by  bad  weather,  etc.  The  concept  of  a  desired  maximum  cruise  time  of  30  days,  of 
which  approximately  22.5  days  is  actually  spent  in  transit  and  planting  bueya,  was 
designated  for  tbs  study  by  the  NDB8  DPO. 
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certain  geometrical  patterns,  it  would  be  possible  to  quickly  arrive  at  the  best  possible 
deployment  cruise  schedules.  In  actual  application,  buoys  tend  to  deviate  somewhat 
from  precisely  consistent  geometrical  patterns,  and  mixed  strategies  (see  Appendix  B) 
appear  to  be  best. 

2-3  Buoy  Deployment  Ship  Cruise  Tiroes  and  Distances 

As  would  be  expected,  the  time  duration  of  deployment  cruises  increases  as  a 
function  of  buoys  deploy^.  Using  the  ports  of  Portsmouth,  Virginia,  and  San  Francisco, 
California,  to  deploy  buoys  in  toe  Coastal  North  American  regions,  a  buoy-carrying 
capacity  of  12  is  acceptable  even  in  the  case  where  buoys  are  deployed  to  regions  at  a 
considerable  distance  from  the  ports.  Throughout  much  of  the  CNA  region,  reductions 
in  time-at-sem  can  be  achieved,  if  the  deployment  ship  operate*  from  a  port  contiguous 
to  the  geographic  area  within  which  deployment  is  taking  place,  rather  than  from  a 
port  at  some  distance  from  the  geographic  area.  In  the  northern  hemisphere  Deep 
Ocean  areas,  when  deploying  from  Portsmouth,  Virginia,  and  Honolulu,  Hawaii,  some 
deployments  may  have  to  be  considered  ‘'hardship  cruises,"*  if  deployment  of  more  than 
4  buoys  is  contemplated. 

The  actual  distance  and  time  of  cruise  in  each  of  the  9  geographic  areas  in  the 
northern  hemisphere  is  only  partially  dependent  on  the  number  of  buoys  carried.  It  is 
essentially  a  function  of  visiting  the  buoy  location  at  the  farthest  distance  from  the 
deployment  port.  In  the  CNA  regions  the  cruise  of  greatest  distance  can  be  held  to 
approximately  1800  to  2500  n  mi  for  porta  contiguous  to  the  deployment  tone.  If  buoys 
must  be  taken  from  a  port  to  an  adjacent  deployment  tone,  the  longest  cruises  are  In 
the  range  of  4000  to  5000  n  mi .  In  the  Deep  Ocean  the  longest  cruises  tend  to  be 
approximately  10,000  n  mi  in  length  when  the  poi  t  is  contiguous  with  the  deployment 
tone.  Cruises  of  16,000  n  mi  in  length  have  been  encountered  in  this  study  in  deploying 
DO  buoys  from  a  port  in  one  DO  zone  to  an  adjacent  zone  (i.e  .,  buoys  deployed  in  the 
northwest  Pacific  from  Honolulu). 

2.4  Cost  of  Buoy  Deployment  Cruises 

Based  on  the  assumptions  of  18  kt  average  speed,  one  day  time -to- plant,  $5,000 
base  cost  per  sea  <iy,  and  a  safety  factor  of  1.0,  thla  study  ahowa  that  die  average  cost 

*That 7s,  minimum  possible  cruise  time  for  some  cruises  will  exceed  22.5  days 
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of  cruises  for  a  12-buoy  ship  In  the  Coastal  North  American  regions  will  lie  In  the 
$150,000  to  $200,000  range.  In  the  Deep  Ocean  regions,  for  comparable  conditions, 
average  cruise  coat  is  slightly  less  than  $300,000.  If  prorated  ship  construction  costa 
are  to  be  added  to  these  figures ,  they  would  be  based  on  $820,000  per  year  ($2250  per 
day)  for  the  $16.4  million  ship.*  A  22.5-day  cruise  followed  by  10  days  In  port  would 
Involve  $73,000  of  prorated  ship  costs.  Average  cruise  costs  are  commensurately 
lower  for  ships  carrying  fewer  buoys,  since  average  cruise  distance  travelled  to 
deploy  all  buoys  is  greater. 

2.5  Average  ghlp  Operating  Coat  per  Buoy  Planted 

In  addition  to  average  cruise  coet,  another  convenient  planning  factor  is  the  aver* 
age  ship  operating  coat  par  buoy  planted.  This  planning  factor  is  a  function  of  distance 
travelled,  time  to  plant  each  buoy,  port  days  per  cruise,  ship  speed,  ship  buoy-carrying 
capacity,  base  cost  per  sea-day  and  ship  maintenance  and  fuel  costa.  For  this  study  the 
average  ship  operating  coat  per  buoy  planted  hac  been  oomputed  on  the  basis  of  buoys 
deployed  first  in  limited  geographical  areas,  than  in  broader  regions,  and  finally  over 
the  entire  northern  hemisphere. 

The  analysis  has  established  that  average  ship  operating  cost  par  buoy  planted  is 
approximately  $15,500  per  buoy  for  buoys  deployed  within  400  n  ml  of  coastal  North 
America;  it  is  about  $26,000  per  buoy  for  buoys  deployed  in  the  northern  hemisphere 
Deep  Ocean  regions  outside  the  Coastal  North  America  region;  and  it  Is  about  $18,u0C 
per  buoy  when  both  the  Deep  Ocean  and  Coastal  North  America  regions  are  com honed. 
These  values  are  essentially  independent  at  the  number  at  buoys  deployed  for  the  ramp 
Investigated  (60  to  500  buoys).  The  basis  for  theae  average  coats  is  as  follows: 

Base  coat  par  sea-day  of  $5,000  ,  24  hr  tiroe-to-plant,  ship  speed  of  18  ht,  ship  buoy- 
carrying  capacity  of  12,  a  safety  ta«<i?r  at  1.0,  sad  10  port  days  per  cruise. 

2.6  Coat  of  Deployed  Data  Buoy  Hardware 

Using  the  east  figures  provided  by  the  KDBI  DPO  for  a  typical  large  discus  buoy, 
and  an  operational  maintenance  cycle  at  approximately  one  year,  illustrative  deployed 
buoy  hardware  costs  have  bean  computed  to  give  ooet  comparisons  for  initial  deploy¬ 
ments.  lu  general,  these  oasts  are  linearly  dependent  on  the  number  of  buoys  deployed 


•Prorated  on  the  basis  at  20  years  (7300  days)- 


and  total  length  of  mooring  required  for  all  buoys.  The  costa  are  slightly  non-linearly 
dependent  an  mooring  depth,  because  in  the  upper  ocean  layer  oceanographic  sensor 
packages  are  assumed  mounted  on  the  mooring  as  a  non-linear  function  of  depth.  In 
round  numbers,  an  average  cost  for  a  Coastal  North  American  buoy  would  be  approxi¬ 
mately  $280,000-  a  Deep  Ocean  buoy  would  cost  $310,000.  The  overall  average  hardware 
cost  for  all  deployed  buoys  is  approximately  $290,000/buoy. 

2.7  Relationship  at  Deployment  Cruise  Costs  to  Buoy  Maintenance  Cruise  Costs 

The  results  developed  in  the  course  of  this  study  are  adequate  for  gross  determin¬ 
ation  of  maintenance  cruise  costs,  even  in  thobe  instances  where  the  number  of  buoys 
maintained  exceeds  the  number  at  buoys  carried  from  port  (i.e.,  on-board  buoy 
refurbishment  take*  place).  In  general,  buoy  deployment  costs— typically  of  the  order 
of  $9  million  (minimum)*  for  the  baseline  500-buoy  system-represent  an  upper 
bound  an  expected  periodic  maintenance  costs,  once  buoys  are  deployed. 

By  tending  more  buoys  per  cruise  than  a  ship  can  carry,  the  efficacy  of  the  cruise 
is  inv roved  and  ship  operating  costa  for  maintenance  would  be  less  than  those  developed 
herein  for  deployment  only,  where  the  number  at  buoy  locations  visited  is  always 
identical  to  the  number  at  buoys  carried  from  port. 

A  description  at  s  possible  situation  amenable  to  use  of  the  deployment/ maintenance 
simulation  and  cost  modal  is  given  in  the  following  scenario.  The  maintenance  ship,  with 
eight  ready- to-deploy  buoys  aboard,  leaves  port  In  time  to  arrive  at  the  first  buoy 
to  be  maintained  at  9500.  Ones  on  station,  the  maintenance  ship  deploys  s  buoy, 
checks  out  operation  at  all  equipment,  and  removes  the  buoy  that  has  Just  been  relieved. 
Ail  at  these  operations  are  completed  within  15  hours  after  arrival  on  station.  By 
1800  to  2100,  the  maintenance  ship  Is  ready  to  depart  for  the  next  buoy  to  be  replaced, 
about  100  to  150  n  mi  away.  At  an  average  cruise  speed  of  18  let,  the  maintenance  ship 
will  arrive  on  site  at  approximately  0300  the  following  morning. 

While  these  day-long  operations -deploy  a  buoy  and  retrieve  s  buoy,  than  Journey 
to  the  next  buoy-are  being  performed,  tbs  first  buoy  retrieved  Is  being  refurbished  sod 

*Thtsvfcltte  Is  baaed  on  500  buoys  deployed,  $5000  base  cost/ses-dsy,  24  hr  time- 
to-  plant  -each  -buoy ,  10  port  dsys/cruiss,  12  buoys  deployed  each  cruise,  and  s  safety 
tactor  of  1.0.  If  a  safety  factor  at  4/3  is  used,  buoy  deployment  coat  would  rise  to 
about  $12  million,  for  the  same  sat  of  amputated  conditions 
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checked  out  abotuJ  ship.  At  the  rate  of  one  buoy  replaced  per  day,  a  maximum  oi 
eight  day*  Is  available  (though  not  necessarily  needed)  to  carry  out  on-board  refurbish¬ 
ment.  Thus,  the  ninth  and  successive  buoys  maintained  are  replaced  by  buoys  refurbished 
on  board  during  the  cruise.  Following  a  procedure  such  as  this,  it  might  be  possible 
to  depart  port,  maintain  19  to  20  buoys,  and  return  to  port  within  a  period  of  about 
22. 5  days.  Of  course,  the  buoys  would  have  to  be  spaced  relatively  closely  (ICO— 150 
n  mi)  to  keep  cruising  Urns  to  about  5—8  hr  during  the  middle  of  each  night.  Ala®,  to 
fit  this  scenario,  the  port  of  departure  and  return  must  be  contiguous  with  the  region 
in  which  the  buoys  sre  deployed. 

When  die  buoys  are  about  800  n  ml  apart,  tbs  travel  time  between  buoys  becomes 
of  the  order  of  51  hr  (at  18  kt),  and  at  least  two  days  would  be  required  for  each  deploy¬ 
ment,  retrieval,  and  Journey  to  the  next  site.  Also,  It  is  likely  that  an  average  of  at  least 
three  days  in  total  would  have  to  be  allocated  to  the  port  departure  and  port  return  por¬ 
tions  of  the  cruise.  Thus,  within  22.5  days,  at  most  only  10  buoy  stations  would  be  visited. 
If  the  duration  of  the  cruise  is  extended  to  29  days,  then  18  buoy  s  tattoos  would  be  visited.* 

Even  if  a  12-buoy  ship  visits  only  9  or  10  Deep  Ocean  buoy  locations  tc  perform  main¬ 
tenance,  on-board  refurbishment  of  buoys  may  take  place.  For  example,  if  eight  days  is 
required  for  on-board  refurbishment,  then  only  four  buoys  would  need  to  be  carried  for 
Deep  Ocean  cruises  (carrying  five  would  si  low  for  a  margin  at  safety;.  It  is  desirable  to 
carry  a  minimum  number  of  buoys,  because  the  buoys  on  board  represent  capital 
investment  not  in  use,  and  in  s  system  such  as  this,  the  investment  in  spare#  (sensed 
capital)  should  he  held  down  to  a  prudent  level  oogaaeeeurafe  with  tto  unoerlalnttoe 
attending  the  maintenance  operation. 

The  p recent  buoy  deploy  meat/ maintenance  simulation  end  cost  model  is  capable 
of  handling  the  explicit  details  of  tbs  typical  scenario  outlined  above,  that  permitting 
the  testing  of  hypothetical  maintenance  schedules  and  the  determination  of  scheduling 
feasibility  sad  ooets 

•  All  #f  this  discussion  is  based  upon  the  concept  that  s  cruise  planned  for  22  J  days 
can  be  extend*!  to  as  much  aa  80  days,  in  the  event  of  bad  weather,  etc.,  thua  implying 
a  scheduling  safety  factor  of  1.83.  Flaaatngtbe  cruise  to  last  29  days,  however.  Implies 
that  a  safety  factor  of  approximately  1.0  has  bean  used,  and  in  tbs  event  of  any  mishap, 
tbs  actual  cruise  might  last  longer  than  30  days.  It  might  than  be  classed  m  a  “hardship” 
cruise .  Of  oouree,  that  does  not  mean  it  could  (or  would)  rot  be  undertaken. 
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2.8  Choices  of  Deployment  Ports 

The  special  attention  directed  in  this  study  to  comparing  deployment  costs 
from  three  porta  and  eight  porta  Indicates  that  initial  deployment  savings  of  up  to 
$0,24  pillion  to  $1 .8  million  might  be  achieved  by  using  eifjht  porta .  The  conditions 
for  which  these  savings  may  be  possible  are  shown  in  Table  2  -1.  Such  savings  are 
based  cm  data  for  the  375-buoy  network,  extrapolated  to  the  500-buoy  and  250-buqy 
cases.  Less  savings  would  be  encountered  for  smaller  buoy  networks  because  the 
distance  from  port  to  the  farthest  buoy  was  consistently  reduced  as  the  total  number  of 
buoys  in  the  system  was  reduced.  For  example,  most  of  the  buoys  in  the  12  per  cent 
of  baseline  system  (60  buoys)  were  located  in  the  geographic  zones  contiguous  to  the 
two  deployment  ports  used.  Kssec  daily  none  of  the  60  buoys  was  located  in  the  Deep 
Ocean  regions. 


TABLE  2-1 

POTENTIAL  DEPLOYMENT  SAVINGS  ($M)*:  8  PORTS  VS  3  PORTS 


No.  buoys 

- - - - - H 

Ship  buoy -carrying  capacity 

mmm* . 

8 

12 

500 

1.79 

0.89 

0.48 

375 

1.34 

0.67 

0.36 

250 

. 

0.20 

0.44 

0.24 

‘Notes:  (1)  Tlme-to-plant  =  24  hr 

(2)  Base  Cost/ sea -day  *  $5000 

(3)  Port  days/cruiae  =  10 

(4)  Safety  factor  =  10 

Ue#  of  Table  2-1  must  be  tempered  by  recognition  that  additional  cost*  hav«  not 
been  included  for  port  facilities,  crew  on-shore  facilities,  transportation  of  buoys  to 
the  ports  prior  to  deployment  (possibly  carried  out  by  a  very  large  commercial  or 
naval  vessel  capable  at  handling  at  ieaat  30  buoys  per  trip)  •  Coets  such  as  these 
would  reduce  the  potential  saving*  shown  in  Table  2-1.  Also,  once  buoys  are  depl  yed, 


‘Crew  morale,  an  intangible  factor,  is  sometimes  adversely  effected  by  returning 
to  a  port  other  than  the  home  port. 
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a  maintenance  scheme  permitting  refurbishment  on  board  would  make  maintenance 
cruises  more  efficient  than  deployment  cruises,  thus  further  reducing  the  potential  for 
savings  due  to  increased  numbers  of  ports.  In  general,  on  a  Modular  Deployment  Zone 
(MDZ)  basis,*  greatest  savings  appear  possible  in  the  North  Pacific  West  MDZ.  Smaller, 
but  substantial,  savings  would  be  accrued  by  use  of  a  port  at  San  Diego  (rather  than  San 
Francisco)  to  deploy  buoys  in  the  Mexican  Coast  MDZ.  For  the  Gulf  of  Alaska  MDZ, 
DOtential  savings  of  $2000  per  buoy  planted  might  be  achieved  by  deploying  buoys  from 
Ketchikan,  Alaska,  rather  th&r  from  San  Francisco.  At  first  estimate,  this  saving  must 
be  viewed  as  marginal,  since  other  costs  could  easily  approach  the  $88,000  that  might 
be  saved.  *  * 

Use  of  U.S.  eastern  seaboard  ports  other  than  Portsmouth,  Virginia,  provides 
potential  savings  of  about  $1000  (or  less)  per  buoy  planted  in  the  Grand  Banks  and  Gulf 
of  Mexico  MDZs.  Such  savings  cannot  be  viewed  as  highly  significant,  because  the*- 
would  doubtless  be  reduced  by  costs  that  have  not  been  included  in  this  analysis. 

2JL  Effect  of  Variation  in  Time-in-Port  Per  Cruise 

A  factor  erf  10  port  days  pev  cruise  has  been  used  throc.g'hout  most  of  this  report; 
in  Section  7.0  the  effect  of  using  values  of  5  and  20  port  days  per  cruise  has  also  been 
considered  for  the  375-buoy  system,  deployed  from  both  the  3-port  ai.d  8-port  configur¬ 
ations.  Table  2-2  shows  a  summary  of  the  results  for  the  12-buov,  18  kt  ship,  with 
safety  factor  of  1.0,  and  itme  to-plant  of  24  hra.  The  date  from  Fable  2-2  indicates 
that  reducing  port  time  per  cruise  from  10  to  5  days  reduces  total  deploy  ment  time 
by  about  18%  fc.r  both  3-port  and  8-port  deploy menta  Increasing  pert  time  per  cruise 
from  10  to  20  days  increases  deployment  time  by  30%  in  both  cases  Similar  changes 
around  10  port  day:*  per  cruise  result  in  variations  in  total  deployment  coat  of  about 
13%  rooucticr  for  5  port  days  per  cruise  and  28%  increase  for  20  port  days  per  cruise 

A  reduction  of  one  port  day  per  cruise  from  e  nominal  value  of  10  has  an  overall 
average  effect  of  increasing  the  deployment  capability  of  the  12-kmy ,  18  kt  ship  by 


•For  a  description  of  Modular  Deployment  Zones,  see  Section  4.1 
••In  the  375-buoy  system  there  are  44  buoys  in  the  Gulf  of  Alaska  MDZ;  hence 
aavlngs  of  up  to  $88,000  might  be  achieved  fer  the  stipulated  conditions  hi  Table  2-1. 
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about  4  to  5  additional  buoys  per  ship-year,  although  consideration  of  specific  geograph¬ 
ical  regions  and  porta  might  modify  this  panning  factor  by  as  much  as  a  factor  of  2.0. 


TABLE  2  2 

SENSITIVITY  OF  DEPLOYMENT  CHARACTERISTICS 
TO  VARIATION  IN  PORT  DAYS  PER  CRUISE 


Port  days 
per  cruise 
Mays) 

»  . .  J 

Total  deploy  ¬ 
ment  time 
(ship  days) 

Total  deploy¬ 
ment  cost 
($M) 

Average  cost 
per  buoy 
planted 
($K) 

Aveiage  no. 
buoys  planted 
per 

ship-year 

3-port 

5 

885 

5  95 

15.9 

142 

10 

1,045 

6.8 

18.1 

120 

20 

1.36S 

8 ,46 

22.6 

92 

8 -port 

5 

840 

5.53 

14.7 

150 

10 

1,004 

8.4 

17  n 

125 

20 

1,328 

8.09 

21.6 

95 

Notes:  1.  Time -to- plant 

24  hr« 

2.  Base  cost/aea  da* 

-  $5000 

3.  Safety  factor 

-  10 

4.  Ship  speed 

-  18  kt 

5.  Deys/ahip-ye  ir 

-  3?5 
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2.10  System  Relative  Effectiveness 

The  very  brief  investigation  of  system  relative  effectiveness*  undertaken  in 
this  study  was  confined  to  a  limited  number  of  economic  user  categories  (seven),  that 
did  not  include  military  or  all  social  (general  public)  users.  Primarily  for  illustrative 
purposes,  relative  estimates  of  data  use  were  subjectively  made  for  each  of  the  7 
economic  user  categories  in  each  of  the  9  MOZs  for  each  of  the  seven  data  buoy  sys¬ 
tems.  The  results  indicated  that  higher  system  relative  effectiveness  could  be  achieved 
by  allowing  the  system  designer  flexibility  to  locate  buoys  where  the  data  (or  data 
products)  give  rise  to  greater  benefits.  The  average  marginal  system  relative  effective 
ness*  *  decreased  linearly  through  die  375-buoy  system  to  a  value  of  0.18%  per  buoy. 

In  going  from  the  375-buoy  to  the  500-buoy  (baseline)  system,  the  average  system 
effectiveness  reduced  sharply  to  only  0.043%,  indicative  of  the  fact  that  the  375-buoy 
system  (unconstrained  deployment)  had  a  relative  system  effectiveness  of  nearly  95% 
in  comparison  to  the  100%  effectiveness  assumed  for  the  500-buoy  baseline  system. 

This  cursory  system  relative  effectiveness  effort  is  intended  only  to  provide  some 
insight  into  this  subject  and  to  outline  a  "strawman”  approach  for  a  much  needed 
thorough  stu^v  in  the  future  of  system  relative  effectiveness. 

*  To  avoid  undue  complication  In  preparing  the  illustrative  example,  it  assumed 
thu  the  500-buoy  baseline  system  ants  100%  effective  in  satisfying  the  user  needs.  The 
efiectiveneas  of  the  other  six  buoy  systems  was  then  estimated  for  each  of  the  seven 
user  categories  relative  to  the  (aesumed)  effectiveness  of  <he  base  line  system .  This 
procedure  would  not  have  been  used,  if  more  resources  had  been  available  for  this  part 
of  the  study. 

*  *  Average  .narginal  system  relative  effectiveness  is  the  change  in  estimated 
relative  system  effectiveness  divided  by  the  number  of  buoys  involved  in  the  change. 
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3.0  COST  DATA 


3. 1  Ship  Costs 

The  cost  of  operating  a  ship  to  deploy  buoys  at  selected  locations  is  in  large 
part  a  function  of  a  base  coat  per  sea-day— a  cost  defined  in  this  study  to  be  prirnariiy 
determined  by  the  number  of  personnel  aboard  ship.  The  UbCG  NDBS  DPO  has 
specified  two  basic  ship  options  for  this  study:  an  automated  ship  requiring  a  mini¬ 
mum  ship  ..perauons  crew,  and  a  conventional  ship.  The  NDBS  DPO  considers  at 
this  time  that  a  marine  data-gathering  team  of  19  men  will  be  used  aboard  data  buoy 
tenders  for  collecting  comparative  data  to  assure  that  each  implanted  buoy  is  operating 
properly,  and  to  acquire  additional  data  enroute  and  at  sites  where  data  buoys  would  not 
be  located.  The  number  of  personnel  required  In  addition  to  the  ship  crew  and  the 
marine  data-gathering  team  will  depend  on  the  buoy  deployment/maintenance  concept 
implemented.  For  example,  buoy  maintenance  might  be  achieved  by  complete  re¬ 
furbishment  at  sea;  then  more  buoys  would  be  maintained  per  cruise  than  are  earned 
on  board  from  port.  Or,  all  buoys  may  be  refurbished  at  a  shore  depot;  the  number 
of  buoys  rrrJntained  each  cruise  would  then  be  equal  to  the  number  of  buoys  carried 
from  port  Table  3-1  delineates  ship  manning  for  the  automated  and  conventions! 
ship  approaches.  Using  the  -nservattvely  high  figure  of  $55/day  as  the  average  cost 
of  personnel  aboard  ship  (includes  considerable  overhead),  it  is  evident  that  personnel 
coats  per  day  lie  in  the  range  $6900  to  $4270.  For  this  study  the  NDBS  PMO  directed 
that  an  average  base  ooet  per  sea-day  of  $5000  be  used,  and  thpt  vaT  os  of  $2000  and 
$8000  also  be  Investigated  to  ascertain  the  sensitivity  of  refits  to  variations  in  base 
cost  per  sea-day.  *  The  NDBS  DPO  directed  that  a  ship  maintenance  cost  per  sea- 
day  that  is  a  function  of  both  ship  speed  and  ship  buoy- carrying  capacity  should  be 
addeo  to  the  base  cost  per  sea-day.  Also,  the  NDBS  DPO  provided  fuel  cost  per  n  ml 
as  a  function  of  ship  speed  and  buoy-carrying  capacity.  These  data  are  shown  In 
Table  3-2  along  with  ship  construction  cost  commensurate  with  the  ship  maintenance 
and  fuel  cost  data. 

♦Use  of  three  base  costs  per  sea-day  is  easily  translated  into  other  meaningful 
figures.  For  example,  $5000/day  is  equivalent  to  an  average  cost  of  $48  per  day 
($17, 5b'1 /year)  for  each  member  of  the  104-man  crew  aboard  the  maximum  main¬ 
tenance  automated  ship. 
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TABLE  3-1 
SHIP  MANNING 


1  "  -  '  •  T 

Slip 

t 

Ship 

Jrew 

Marine  Data 
Gathering  Team 

Buoy  Deployment 
Maintenance  Crew 

Total 

Personnel 

Max. 

Min. 

Max. 

Min. 

Automated 

45 

19 

40 

24 

104 

78 

Conventional 

67 

IS 

40 

24 

126 

110 

The  total  ship  cost  attributable  to  deploying  buoys  is  tie  sum  of  thro-  torsos: 

vl)  Ship  maintenance  oost  per  fee* -day  plus  base  coat  per  sea-day,  both 
multiplied  bv  number  o'  days  at  sea 

(2)  Ship  maintenance  ooet  per  sea-day  plus  case  cost  k  er  sea-day,  both 
tuuitipiifed  by  0.  94  and  in  turr,  multiplied  by  the  number  a l  days  in  port  (number 
of  days  in  port  per  cruise  was  set  at  10  by  NDT8  DP*  direction), 

(3)  F'  el  cost  per  n  mi  multiplied  by  total  distance  traveled  r^r  cruise. 

*  »ese  terms  are  sho  n  in  the  following  equation. 


C  *  [B 


where  C  ■  Total  Ship  Cruise  Cost  ($) 

S  -  Base  Cost/Skt-Day  $) 

M  *  Maintenance  Coet/Bea-Day  ($) 

D  *  Distance  Traveled  (n  mi) 

3  *  Ship  Speed  (kt, 

N  *  No.  .Buoys  Dep  jyed 
T  *  Time-to-Plant  Each  Buoy  (days) 
F  *  Fuel  Cost/n  mi  $) 

P  -  Port  Time/Cruise  *  (days) 


♦Port  time/jmsdse  may  be  made  variable  with  fixed  upper  and  lower  bounds , 
as  a  function  at  the  ratio  of  buoys  carried  to  ship  buoy-carrying  capacity.  The  buoy 
deployment  maintenance  model  provides  this  convenience. 


If 


TABLE  3-2 
SHIP  COST  DATA 

Ship  Maintenance  Cost/Sea-Day  In  Dollars 


Ship 

Spe  j 

, 

! 

! 

1  .  . 

Ship  Buoy-Carrying  Capacity 

4 

6 

8 

'9 

1? 

9 

246 

306 

445 

600 

600 

l : 

24' 

306 

445 

600 

600 

15 

?46 

306 

445 

6Q( 

600 

2  o 

306 

306 

COO 

SOC 

600 

21 

516 

780 

780 

780 

780 

24 

980 

980 

980 

980 

980 

2? 

1200 

a  200 

1200 

1200 

1200 

30 

1400 

L. 

1400 

1400 

1400 

1400 

Fuel  Coat/N  Mi  In  Dollars 


Ship 

Speed 

Ship  Buoy-Carrying  Capacity 

4' 

e 

8 

10 

12 

9 

2. 19 

2. 75 

2.  75 

5.  78 

5.  78 

12 

2. 19 

2.  75 

2.  75 

5.  78 

5.  78 

15 

2. 1. 

3. 68 

3.  68 

5.  78 

5.  78 

18 

4.  38 

4.38 

7.  01 

7.  01 

7.  01 

21 

7.  51 

11.  27 

11.  27 

11.27 

1L  27 

24 

16.43 

16,  43 

16.  43 

16.43 

16. 43 

27 

S3.  37 

23.  37 

23.  37 

23. 37 

23.  37 

30 

SO 

30 

30 

30 

SO 

Skip  Coeatruciico  Coat  fa  Millions  Of  Dollars 


Ship 

Speed 

Ship  Buoy-Carryfing  Capacity  | 

4 

6 

8 

10 

12 

9 

7.9 

10.7 

11.6 

16.4 

16.4 

12 

7.9 

10.7 

11.6 

16.4 

16.4 

15 

7.9 

10.7 

11.6 

16.4 

16.4 

18 

10.7 

10.7 

18.4 

16.4 

16.4 

21 

14.7 

20.8 

20.8 

20.8 

20.8 

24 

25.6 

26.6 

25.6 

25.6 

25.6 

27 

31.6 

81.5 

31.5 

31.5 

31.5 

30 

36 

39 

39 

19 

39 
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In  the  buoy  deployment  model,  distance  traveled  on  each  cruise  is  determined 
by  computing  the  great  circle  distance  between  port  and  first  buoy  deployed,  plus 
great  circle  distances  from  buoy  to  buoy  for  the  remainder  of  buoys  deployed,  plus 
the  great  circle  distance  for  the  return  to  port.  *  Navigation  points  can  be  interspersed 
between  buoy  locations  in  order  to  circumnavigate  promontories,  peninsulas  and 
islands. 

Coats  for  each  specified  deployment  cruise  were  computed  In  the  manner  in¬ 
dicated  above  and  summed  over  all  cruises  to  give  total  ship  costs  for  carrying  out 
the  deployment  of  buoys  in  each  MDZ.  This  value  was  divided  by  the  number  of  buoys 
in  the  MDZ  to  determine  an  average  cost  per  buoy  planted,  directly  attributable  to 
ship  operation  costs.  (In  scheduling  actual  deployment  cruises  for  this  study,  it  was 
the  practice  to  include  some  buoys  along  the  boundary  line  of  an  adjacent  MDZ  when 
needed  to  assure  that  all  cruises  were  carried  out  at  full  buoy-carrying  capacity. 

Thus,  the  actual  number  of  buoys  deployed  per  "zone"  tended  to  fluctuate  slightly  from 
run  to  run  for  some  MDZs. ) 

Ship  maintenance  costs  and  fuel  costs  are  shown  as  functions  of  both  ship  speed 
and  buoy-carrying  capacity  in  Fig.  3-1.  Note  that  these  graphs  dearly  indicate  that 
the  costs  for  high  speed  vessels  are  Independent  of  buoy-carrying  capacity  in  the  range 
considered.  Fig.  3-2  shows  comparable  curves  for  ship  construction  coat  Table 
3-3  gives  additional  information  concerning  tbs  ship  characteristics. 

3.  2  Buoy  Coats 

The  buoy  deployment  and  maintenance  computer  model  has  He  facility  to  compute 
the  cost  of  each  buoy  deployed  as  s  function  of  ocean  depth.  The  inquired  inputs  are 
base  cost  of  the  buoy,  ooet  per  thousand  feet  of  mooring  line,  and  cost  of  the  mooring- 
mounted  oceanographic  sensor  packages  assumed  located  at  twenty  of  the  International 
Association  of  Physical  Scientists  and  Oceanographers  (IAPSO)  levels  from  tbs  surface 

*In  this  study  the  deployment  ship  always  returned  to  the  port  from  which  It  de¬ 
parted.  The  computer  program,  however,  is  amenable  to  the  use  of  separate  de¬ 
parture  and  return  ports,  hi  addition,  a  departure  port  and  a  depot  at  which  buoys  are 
on-loaded  can  be  specified  as  routine  inputs  to  tbs  program.  The  model  has  no  in¬ 
herent  limitation  on  number  of  buoys  deployed,  ports  visited,  or  navigation  points 
used. 
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Ship  Buoy -Carrying  Capacity 


Fig.  5-2.  Ship  Construction  Coat 


to  5000  meters  depth.  *  Table  3-4  lists  the  costs  provided  by  the  NDBS  DPO  for 
elements  of  a  typical  one-point  moored  40-ft  diameter  discus-shaped  data  bucy  capable 
of  one  year  of  unattended  operation.  These  are  representative  conservatively  high 
costs  and  are  subject  to  change  (in  either  direction).  At  the  time  of  completion  of 
this  report,  the  selection  of  data  buoy  shape,  size,  and  sensing  characteristics  has  nrt 
been  made.  The  representative  costs  in  Table  3-4  have  been  used  only  to  demonstrate 
the  costing  capabilities  of  the  buoy  deployment/maintenance  cost  model. 


♦The  IAPSO  levels  at  whioh  ooeano graphic  Instrument  packages  are  assumed 
located  are  0,10, 2<yW,  50, 75, 100, 150  (2, 3, 4,5, 6,8, 10,15,20.50,40,50)  x  100  meters. 
Whan  the  distance  from  the  last  IAPSO  level  to  the  bottom  Is  0. 7  or  more  at  the 
IAPSO  Increment,  an  instrument  package  Is  assumed  to  be  located  near  the  bottom. 
Under  no  ocndltioas  does  the  number  of  oceanographic  sensor  packages  exceed  20. 
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TABLE  3-3 

NDB8  DEPLOYMENT/ MAINTENANCE  SHIP  CHARACTERISTICS 


>At  the  time  at  prepoxetion  at  thi*  report,  the  tlee  end  shape  at  NDB8  dtu  buoys 
had  not  yet  been  selected. 


IS 


Basle  Boot  Cost  -  (1M.20O 
Mooring  c*bi«  -  |i,  t#o/iooo  n 
Subeurfsoe  Swot  Pacfea#i  *  9 7, 000  sect 


•These  representative  ooe.a  ere  not  to  be  used  tor  flnenaUU  planning  purposes. 
••Hot  Included  In  bento  {non -depth  dependent)  ooet. 


4.  0  NUMBERS  AND  GEOGRAPHICAL  LOCATIONS  OF  DATA  BUOYS 


It  is  emphasized  that  the  primary  purpose  of  this  study  is  to  determine 
statistically  useful  results  to  support  development  planning  in  the  NDBS  DPO.  For 
example,  the  sensitivity  erf  costs  to  locations  of  buoys  and  tieployment/raaintenance 
ports  is  of  fundamental  importance  in  defining  ship  design  parameters  such  as  ship 
speed  and  buoy -carrying  capacity.  It  is  of  interest  to  have  an  accurate  count  of  total 
length  of  mooring  iine  required,  total  number  of  oceanographic  sensor  packages 
needed,  and  total  cost  of  buoy  hardware  deployed  in  various  geeg.  aphical  regions. 
These  and  other  results  from  this  study  are  useful  for  development  planning  at  this 
time .  Clearly,  the  choice  of  actual  locations  for  deployment  of  buoys  will  require 
inputs  from  all  government  agencies  (and  the  data  users  they  represent).  Buoy  loca¬ 
tions  used  in  this  study  are,  therefore,  to  be  cocaidered  only  as  representative  of 
beth  grid  spacings  and  choice  of  locations  that  may  ultimately  be  selected.  The 
statistical  results  from  this  study,  however,  are  believed  to  be  relatively  Independent 
of  the  selection  of  sites,  as  will  be  made  clear  In  Section  5. 

4. 1  Constraints  and  gammariea  of  Buoy  locations 

For  the  purposes  of  tills  study  the  USCG  NDBS  DPO  specified  the  character¬ 
istics  of  the  baseline  data  buoy  system  to  be  600  buoys  uniformly  distributed  in  a 
500  a  ml  grid  in  tbs  Deep  Oceans  at  the  northern  hemisphere  between  the  equator 
and  60°  N  latitude  and  in  a  uniform  100  n  ml  grid  in  the  Coastal  North  American 
regions  out.  to  400  n  ml  from  shore.  These  grid  spacings  resulted  i«  180  Deep 
Ocean  buoys  and  380  Coastal  North  American  buoys.  Certain  northern  hemisphere 
geographical  areas  were  proscribed  by  the  NDBS  PMO  for  deployment  of  buoys: 

•  The  region  between  the  equator  and  the  southern  coast  of  Africa 
e  The  Mediterranean  Saa 
e  The  Sea  of  Okhotsk 

e  Regions  adjacent  to  the  coast  of  Communist  China.  * 

To  place  the  results  of  the  buoy  deployment  study  an  a  statistically  comparative 
basis,  It  was  elected  to  divide  the  Deep  Ocean  regions  of  the  world  into  a  total  of 

*  These  proscribed  areas  were  avoided  in  all  buoy  deployments. 
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seven  Modular  Deployment  Zones  (MDZ),  of  which  t^ree  are  in  tire  northern 
hemisphere.  The  Coastal  North  American  region  was  divided  into  six  Modular 
Deployment  Zones,  The  thirteen  MDZs  are  shown  in  Figure  4-1.  For  the  northern 
hemisphere  500-buoy  baseline  system,  approximately  50  to  60  buoys  are  located  in 
each  erf  the  nine  northern  hemisphere  MDZs 


The  NDBS  DPO  selected  Portsmouth,  Virginia;  San  Francisco,  California;  and 
Honolulu,  Hawaii  as  representative  deployment  port  locations,  suitable  for  this  initial 
study.  The  MDZs  served  by  these  three  depiovment  ports  are  given  in  Table  4-1 
below. 

At  the  direction  of  the  NP3S  DPO,  seven  northern  hemisphere  data  buoy  deploy¬ 
ment  configurations  have  been  investigated  in  this  study.  Beginning  with  the  500-buoy 
uniform -grid  baseline  system,  the  remaining  si'  iepbyment  configurations  are  based 
on  successively  smaller  percentages  of  the  baseline  system  deployed  according  to  a 
series  of  different  rationales.  A  three-fourths  of  baseline  system  (375  buoys)  was 
deployed  in  a  600  n  mi  Deep  Ocean  grid  (100  buoys)  and  a  variable  100  to  150  n  mi 
Coastal  North  American  grid  (275  buoys).  These  grid  spacings  were  determined,  in 
a  TRC  effort  carried  out  in  parallel  with  this  study,  as  those  most  applicable  for  sut 
initial  NDBS.  Government  agencies  stating  requirements  for  meteorological  and 
oceanographic  data  concurred  with  these  grid  spacings  j 3  j  With  the  exception  of  the 
North  Pacific  West  and  East  Coast  MDZs,  the  375-buoy'  deployment  results  in  each 
MDZ  holding  approximately  three-fourths  of  the  number  of  baseline  buoy's  in  each  MDZ. 

Two  250-buoy  deployment  configurations  were  prepared.  They  represent  one- 
half  baseline  systems.  In  one  of  these  configuration!.,  the  location  of  buoys  was  left 
much  to  the  discretion  of  the  'system  designer,  "  and  the  preponderance  Gf  the  total 
number  of  buoys  was  placed  In  MDZ*  lr  which  it  was  considered  deployment  of  buoys 
would  be  erf  hi gh  economic  benefit  and  coat  of  deployment  would  be  held  to  a  minimum. 
MDZs  in  which  location  of  buoys  might  not  bo  of  comparable  economic  benefit  hold  a 
smaller  percentage  of  baseline  buoys.  The  secosd  250 -buoy  comfigurati -n  was  con¬ 
strained  in  each  MDZ  to  have  exactly  50  per  cant  of  the  number  of  baseline  buoys. 

The  actual  locations  of  buoys  within  the  MDZs  was  left  to  the  discretion  of  nyslem 
ueaigjser, "  as  baferv. 


TABLE  4-1 

DEPLOYMENT  PORTS  AND  MODULAR  DEPLOYMENT  ZONES 


Region 

Modular  Deployment  Zone 

Deployment  Port 

Coastal 

Grand  Banks 

(GB) 

— - : - — 

Portsmouth,  Virginia 

North 

East  Coast 

(EC) 

Portsmouth,  Virginia 

Gulf  of  Mexico 

(GM) 

Portsmouth,  Virginia 

America 

Mexican  Coast 

(MC) 

San  Francisco,  California 

West  Coast 

(WC) 

San  Francisco,  California 

Gulf  of  Alaska 

(GA) 

San  Francisco,  California 

Northern 

North  Pacific  East 

(NPE) 

Honolulu,  Hawaii 

Hemisphere 

North  Pacific  West 

(NPW) 

Honolulu,  Hawaii 

Deep 

North  Atlantic 

(NA) 

Portsmouth,  Virginia 

Oceans 

- - - _ - - 1 

Using  the  same  two  rationales  outlined  above  —  unconstrained  deployment  and 
deployment  constrained  to  a  fixed  percentage  of  baseline  buoys  in  each  MDZ  —  two 
125-buoy  configurations  were  established.  In  the  unconstrained  case,  location  of  all 
125  buoys  was  left  to  the  discretion  of  the  "system  designer  "  In  the  second  rase, 
each  MDZ  contained  2o  per  cent  of  the  baseline  buoys  previously  located  in  the  MDZ, 
The  final  buoy  configuration  provided  only  12  per  cent  of  baseline  (60  buoys). 
There  was  a  wUi  of  36  buoys  in  the  eastern  region  and  24  buoys  in  the  western  region 
with  56  of  these  buoys  located  in  the  CNA  regions  and  4  buoys  (3  east  coast,  1  west 
coast)  located  in  adjacent  DO  MDZs,  All  locations  were  left  to  the  discretion  of  the 
"system  designer. '  The  above  comments  are  summarized  in  Table  4-2.  The  re¬ 
mainder  of  this  section  describes  in  some  detail  the  rationales  behind  the  location  of 
buoys  in  the  seven  deployment  configurations  used  in  this  study 

The  next  five  sub-sections  describe  the  seven  deployment  configurations  in 
greater  detail. 
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TABLE  4-2 

BUOYS  DEPLOYED  IN  MODULAR  DEPLOYMENT  ZONES 


Modular 

Buoy  Systems 

Deployment 

Zoee 

r  -  ■  »  "■  ■  —  ■ 

500 

(Baseline) 

375 

250 

50% 

Baseline 

125 

25% 

Baseline 

80 

__  1 

Grand  Banks 

56 

40 

17 

28 

- H 

8 

14 

4 

East  Coast 

53 

53 

49 

29 

13 

18 

Gulf  cf  Mexico 

60 

52 

36 

30 

20 

15 

12 

Mexican  Coast 

80 

38 

8 

30 

3 

15 

0 

West  Coast 

67 

48 

33 

33 

23 

15 

Gulf  of  Alaska 

54 

44 

2-4 

27 

15 

7 

CNA  Total 

350 

275 

167 

Tl . -  - 

175 

98 

- - - 

88 

58 

North  Pacific  West 

53 

29 

16 

26 

0 

13 

0 

North  Pacific  East 

49 

35 

34 

25 

13 

12 

1 

North  Atlantic 

48 

_ _ _ J 

36 

L 

33 

24 

14 

12 

3 

DO  Total 

75 

' 

27 

37 

4 

Grand  Total 

500 

375 

250 

250 

125 

125 

60 

4. 2  The  500- Buoy  Baseline  System 

The  5 00- buoy  baseline  system,  shown  In  Fig,  4-2,  was  derived  in  part  from  the 
summary  of  national  requirements  for  marine  meteorological  and  oceanographic  data 
collected  as  part  of  the  1967  NDBS  Feasibility  Study.  In  the  5 GO-buoy  deployment, 
little  or  no  emphasis  has  been  given  to  locating  of  buoys  to  satisfy  unique  data  needs 
from  specific  areas.  Nor  has  positioning  of  buoys  to  satisfy  potential  economic 
benefits  or  to  hold  down  deployment  costs  been  introduced  in  an  express  fashion.  The 
500-buoy  system  was  based  on  composite  1967  national  operational  data  requirements 
from  many  government  agencies  specifying  need  for  data  from  100  a  mi  grid  points 
in  the  Coastal  North  American  regions  and  500  n  mi  grid  points  in  the  Deep  Oceans 
of  the  world.  As  will  be  discussed  in  the  next  section,  refinement  and  ro-assesament 
of  1967  data  requirements  has  Inchoated  that  a  lesser  number  of  buoys  in  die  northern 
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hemisphere  might  be  adequate  for  initial  satisfaction  of  requirements.  Hence,  the 
500-buoy  northern  hemisphere  deployment  appears  to  be  a  reasonable  upper  bound  on 
system  size  for  consideration  at  this  time.  Systems  with  lesser  numbers  of  buoys 
can  be  token  as  representative  of  the  likely  evolutionary  growth  national  data  buoy 
systems  are  apt  to  undergo.  Because  of  the  large  number  of  buoys  in  the  £00-buay 
baseline  system,  it  appeared  that  uniform  grid  spocings  for  the  baseline  system  would 
be  best  for  development  of  statistical  comparisons  with  configurations  of  fewer  buoys. 

4. 3  The  375-Buoy  System 

In  the  375-buoy  system,  shown  in  Fig.  4-3,  specific  attention  has  been  given  to 
satisfying  U.  S.  government  agency  requirements  that  were  reviewed  and  refined  (by 
the  agencies)  during  1968.  'These  resulted  in  a  600  n  mi  grid  for  the  Ifoep  Oceans 
and  a  variable  100  to  150  n  mi  grid  in  CNA,  and  need  for  buoys  at  a  number  of 
selected  sites.  In  Fig.  4-3,  buoys  in  the  innermost  row  of  CNA  buoys  are  approxi¬ 
mately  25  n  mi  from  shore  and  approximately  100  o  ml  apart.  The  next  row  is 
approximately  100  n  mi  from  the  first  and  about  112  n  mi  apart.  The  third  row  is 
125  n  mi  beyond  the  second  and  these  buoys  are  125  n  mi  apart.  The  fourth  row 
extends  150  n  mi  beyond  the  third  and  the  buoys  are  150  n  mi  apart.  The  above 
comments  hold  for  all  CNA  MDZs  with  the  exception  of  the  Mexican  Coast.  There, 
the  bucys  in  the  first  rerv  are  100  n  ml  from  shore  and  100  n  mi  apart.  The  second 
row  is  150  n  mi  beyond  toe  first  and  has  buoys  126  n  mi  apart.  The  third  and  last 
row  is  150  n  mi  from  the  second  and  those  buoys  are  ISO  n  mi  apart.  These 
comments  are  summarized  in  Fig.  4-4. 

As  Is  evident  from  Fig.  4-3,  not  all  CNA  buoys  are  located  in  the  variable  grid 
described  In  toe  Grand  Banks  MDZ,  fishing  and  shipping  interests  in  the  Gulf  of 
Maine  and  on  toe  Grand  Banks  have  been  recognized.  The  Labrador  Current  is  moni¬ 
tored  up  through  the  Davis  Straitj  the  loe  patrol  area  below  Newfoundland  continues 
to  receive  good  coverage.  Certain  CNA  buoys  are  located  to  meet  specific  require¬ 
ments  such  as  toe  transect  lines  in  the  Bast  Coast  MDZ,  where  buoys  are  deployed  to 
monitor  the  flow  erf  the  Gulf  Stream  and  to  detect  typical  extra-tropical  cyclonic  dis¬ 
turbances  that  originate  in  the  southeastern  U.  S. ,  or  off-shore,  then  move  out  to  sea  and 
up  the  U.  S.  eastern  seaboard.  Additional  transect  lines  are  indicated  across  toe 
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Florida  Straits  and  the  Yucatan  Channel.  In  the  Gulf  of  Mexico,  buoys  are  located  off 
the  Louisiana  and  Texas  coasts  to  provide  meteorological  information  for  the  off-shore 
oil  and  gas  industry  and  the  shrimp  industry.  The  Gulf  of  Mexico  gyre  is  monitored  by 
means  of  eight  buoys  in  a  square,  north  of  the  Yucatan  Straits.  Some  buoys  serve  the 
USAF  test  range  in  the  eastern  section  of  the  Gulf.  Other  buoys  are  placed  in  locations 
providing  data  that  would  serve  the  U.  S.  fishing  industry  and  the  general  needs  of 
local  inland  and  maritime  weather  and  marine  forecasting  and  hurricane  warning. 

Buoys  off  the  Mexican  coast  are  located  primarily  to  provide  oceanographic  and 
meteorological  information  for  the  fishing  industries.  Extending  northward  along  the 
U.  S.  west  coast,  CNA  buoys  would  provide  data  useful  for  inland  and  near-shore 
meteorological  purposes,  off-shore  oil  and  gas  in  the  vicinity  of  Santa  Barbara,  other 
mineral  resources,  and  commercial  and  sports  fishing.  Some  northernmost  West 
Coast  MDZ  buoys  are  deployed  to  satisfy  a  requirement  to  monitor  the  out-flow  of  the 
Columbia  River.  In  the  Gulf  of  Alaska,  meteorology  and  fishing  are  of  primary  Im¬ 
portance,  with  coastal  buoys  of  use  to  off-shore  mineral  operations  (one  buoy  has  been 
specifically  located  in  Cook  Inlet  to  provide  Information  useful  for  oil  and  gas  explora¬ 
tion  and  production  operations). 

In  the  Deep  Ocean  regions,  it  has  been  tacitly  assumed  that  existing  ocean 
weather  stations  would  continue  to  operate  with  manned  vessels,  and  buoys  are  not 
located  near  those  points.  Buoys  are  located  along  150°  W  to  satisfy  Air  Force  range 
requirements.  Other  buoys  appear  along  standard  transect  lines  between  the  U.  8, 
coastline  and  H&-vaii.  In  the  North  Pacific  and  the  North  Atlantic,  buoys  are  snown  at 
points  from  which  data  would  be  useful  for  optimum  ship  tracking  routing  (OSTR),  and 
long-range  weather  forecasting.  Buoys  are  located  in  the  Caribbean  and  southeast  of 
the  U.  8.  coast  line  In  positions  useful  for  monitoring  hurricanes  and  oceanographic 
currents. 

4.4  The  Two  250-Buoy  Systems:  Unconstrained  and  Constrained 

In  this  discussion,  the  following  two  definitions  will  be  used.  The  250-buoy  sys¬ 
tem  deployed  at  the  disc*  Jon  of  the  "system  designer"  will  be  called  the  "uncon¬ 
strained"  system.  The  deployment,  having  In  each  MDZ  60  per  cent  of  the  baseline 
number  of  buoys  in  that  MDZ,  will  be  called  the  "constrained"  system.  The  uncon¬ 
strained  deployment  shown  In  Fig  4-5  will  be  discussed  first. 
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Fig.  4-5  Data  Buoy  Locations  for  the  250 -Buoy  System  (Unconst rai  sed) 
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In  the  Deep  Oceans,  buoys  at  great  distances  from  U.S.  deployment  ports  have 
been  eliminated,  s.  g. ;  in  the  North  Sea,  off  the  shores  of  Europe  and  Africa,  and  off 
the  shores  of  Asia.  Throughout  the  North  Pacific  East  MDZ,  the  eastern  side  of  the 
North  Pacific  West  MDZ  and  most  of  the  North  Atlantic  MDZ  buoy  spacings  of  approxi¬ 
mately  600  n  mi  have  been  maintained  Buoys  are  not  located  at  those  points' 
presently  being  covered  by  ocean  station  vessels.  Ocean  currents,  typhoon  and 
hurricane  tracks,  and  some  military  ranges  in  the  Deep  Oceans  Iiave  been  considered 
in  the  process  of  locating  buoys,  Collection  A  data  to  support  optimum  ship  track 
routing  has  also  been  taken  into  consideration. 

In  die  Coastal  North  American  region,  only  eight  buoys  have  been  located  in  the 
Mexican  Coast  MDZ,  partly  because  of  the  high  cost  of  deployment  from  the  specified 
port  of  San  Francisco,  and  partly  as  a  function  of  allocating  buoys  to  potentially  more 
(economically)  beneficial  areas.  Less  buoys  than  50  per  cent  of  baseline  have  been 
allocated  to  the  Gulf  of  Alaska  and  the  Grand  Banks.  More  buoys  than  50  per  cent  of 
baseline  appear  in  the  East  Coast  and  Gulf  of  Mexico  MDZs  and  exactly  50  per  cent  of 
baseline  is  positioned  in  the  West  Coast  MDZ.  As  before,  these  buoys  are  located  to 
serve  off-shore  oil  and  gas,  and  commercial  and  sports  fishing  interests,  in  addition 
to  providing  transect  data  for  monitoring  marine  meteorological  and  oceanographic 
phenomena  *n  the  CNA  region  for  forecasting.  For  example,  Gulf  Stream  transects 
still  exist  in  t >e  East  Coast  MDZ,  and  in  the  Gulf  of  Mexico  MDZ;  transects  for  the 
Straits  of  Florioa  and  the  Yucatan  Channel  are  still  In  being,  although  each  has  been 
reduced  by  one  buoy.  The  Gulf  of  Mexico  gyre  continues  to  be  monitored, as  do  certain 
out’flov'  properties  of  the  Columbia  River. 

The  constrained  250-buoy  configuration  shown  in  Fig.  i-6  indicates  the  effect  of 
keeping  a  larger  number  of  buoys  in  the  Mexican  Coast,  Grand  Ranks,  and  Gulf  of 
Alaska  MDZs;  thus  serving  better  the  fishing  interests  in  these  eones.  Previously  in 
the  unconstrained  250-bupy  configuration,  these  areas  had  provided  buoys  used  to 
augment  the  North  Atlantic,  North  Pacific  East  and  North  Pacific  West  Deep  Ocean 
MDZs.  The  constrained  configuration  affords  fewer  buoys  for  the  East  Coast  ami  Gulf 
of  Mexico  MDZs;  thus  reducing  the  fineness  of  transect  monitoring  and  Gulf  of  Mexico 
gyre  monitoring.  As  in  the  unconstrained  configuration,  there  is  a  buoy  In  Cook  Inlet, 
Alaska,  for  oil  and  gas  purposes,  and  there  are  buoys  for  monitoring  the  out-flow  of 
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Fig.  4-6  Data  Buoy  Locations  for  the  50  Percent' Buoy  System  (Constrained) 


the  Columbia  River.  Buoys  are  provided  for  marine  meteorolcgical  and  oceanographic 
monitoring  and  prediction  purposes  in  ail  MDZs. 

4.5  The  Two  125-Buoy  Systems:  Unconstrained  and  Constrained 

Definitions  of  "unconstrained"  and  "constrained"  buoy  configurations  used  here 
are  the  same  as  those  in  the  previous  section.  The  principal  features  of  the  125-buov 
unconstrained  system  shown  in  Fig.  4-7  are  the  elimination  of  deployments  in  the 
North  Pacific  West  MDZ  and  the  virtual  elimination  of  buoys  in  the  Mexican  Coast  MDZ. 
North  Pacific  East  and  North  Atlantic  buoys  are  reduced  to  13  and  14  buoys  respectively 
In  the  North  Atlantic  MDZ,  buoys  are  deployed  primarily  to  provide  marine  meteorolo¬ 
gical  and  oceanographic  data  along  principal  shipp.ng  routes  and  storm  tracks  between 
the  U.  S.  and  Europe  and  to  monitor  the  generation  and  growth  of  hurricanes  in  the 
-.^uthwest  Atlantic.  In  the  North  Pacific  East  MDZ,  the  principal  rationale  for 
deployment  has  been  the  provision  of  marine  meteorological  and  oceanographic  data 
for  weather  prediction  purposes  —  both  long-range  predictions  for  inland  U.  8  ar  as 
and  short-range  predictions  for  shipping,  fishing,  and  CNA  coastal  regions. 

The  Coastal  North  American  MDZs  in  the  125-buoy  unconstrained  system  reflect 
the  assumed  higher  priority  for  data  directly  off  the  east  and  west  coasts  of  the  U,  S. 

A  line  of  buoys  in  the  Gulf  of  Alaska,  approximately  100  to  150  n  mi  from  shore, 
provides  monitoring  for  short  range  weather  prediction.  A  much  coarser  group  of 
buoys,  400  n  mi  from  shore,  hae  also  been  provided.  Cook  Inlet,  the  Columbia 
River  out-flow,  the  region*  west  of  San  Franc  1  see  and  Santa  Barbara,  and  the  region 
west  of  the  Southern  California  megalopolis  have  all  been  given  as  much  consideration 
as  tills  small  number  of  buoys  permits.  In  the  Gulf  of  Mexico,  monitoring  continues  on 
a  reduced  scale  in  the  Yucatan  Chancel  and  the  Florida  S^aita.  Nearshore  fishing 
and  oil  and  gas  interests  in  the  Gulf  of  Mexico  continue  to  he  served.  Buoys  in  the 
vicinity  of  the  southwestern  Gulf  of  Mexico  MDZ  no  longer  appear.  Off  the  U.  S.  east 
coast  the  density  of  buoys  has  been  hold  reasonably  high,  serving  shipping  interests, 
fishing  interests  and  marine  meteorological  and  oceanographic  observation  for  short- 
range  prediction.  The  Grand  Banka  MDZ  new  Includes  only  eight  buoys,  none  of  which 
appears  in  Davis  Strait,  leaving  only  approximately  three  or  four  that  could  be  con¬ 
sidered  effective  in  monitoring  the  Labrador  Current.  Only  one  buoy  remains  in  the 
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Gulf  erf  Maine.  The  Grand  Banks  fishing  area  and  the  ice  patrol  area  are  still  served, 
but  to  a  lesser  degree  than  previously.  Though  reduced  in  number,  the  buoys  are  in 
position  to  provide  useful  meteorological  monitoring  erf  blocking  high  pressure  systems 

Fig.  4-8  shows  the  125-buoy  constrained  deployment  configuration.  In  this  case 
13  buoys  are  required  in  the  North  Pacific  West  MDZ  and  are  arranged  to  provide  from 
the  Central  North  Pacific  meteorological  and  ocean-current  information,  especially  the 
monitoring  of  typhoons.  The  North  Pacific  East  and  West  configurations  are  deployed 
with  consideration  to  the  location  of  present  ocean  station  vessels  and  the  potential  to 
monitor  meteorological  conditions  from  islands  (which  do  not  appeal'1  in  the  figure). 

The  12  North  Pacific  East  buoys  primarily  serve  ocean  transportation  and  long-range 
meteorological  prediction  interests,  although  some  U,  S.  Air  Force  and  U.  8.  Navy 
range  requirements  have  also  been  considered.  In  the  North  Atlantic  MDZ,  coverage 
of  storm  tracks  and  the  principal  shipping  route  between  the  U.  S„  and  Europe  have  been 
the  principal  considerations,  along  with  deployment  of  buoys  north  of  Puerto  Rico  for 
hurricane  monitoring  and  to  serve  shipping  and  sports  fishing.  With  25  per  cent  of 
baseline  buoys  in  each  CNA  MDZ,  east  and  west  coast  coverage  is  much  reduced  from 
tiie  unconstrained  125  buoy  configuration.  The  same  is  true  for  the  Gulf  of  Mexico 
MDZ.  Monitoring  of  the  Yucatan  Channel  and  the  Florida  Straits  has  become  minimal. 
Little  or  no  resolution  of  the  Gulf  of  Mexico  gyre  can  now  be  expected,  but  Continental 
Shelf  fishing  interests  in  the  Gulf  of  Mexico  continue  to  be  served  in  eseentially  the 
mm  fashion  as  previously.  Mere  buqys  ere  located  in  the  Grand  Banks  MDZ  than 
was  the  case  for  the  unconstrained  configuration  and  buoys  now  extend  up  in  the  Davie  anrait , 
giving  better  coverage  of  Iceberg  regions,  the  Labrador  Current, and  to  the  south  the 
Grand  Banks  fishing  area, 

The  go-buoy  system,  shown  in  Fig.  4-9,  is  an  unconstrained  deployment,  ss 
defined  in  flection  4. 4.  Twmdy-four  buoys  are  located  off  the  west  coast  of  crartaentel 
North  America  and  tk&rty-sta  off  tbs  western  m&  southern  coast  «f  continental  North 
America.  CSafy  four  of  times  buoys  tell  in  Deop  Ocean  MDZs,  and  those  location*  art 
CNiy  sttgbtty  beyond  ths  400  n  ml  CHAbasafmy.  No  buoys  srs  Jousted  in  the 
MsTflssTT  Coast  sad  only  fern?  are  found  in  ths  Grand  BasSa  M2&.  ths  V.  H.  Wsst 
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Coast,  East.  Coast,  and  the  Gulf  of  Mexico  MDZs  have  15,  18,  and  12  buoy3  respectively. 
These  buoys  are  located  strategically  to  serve  oil  and  gas  interests,  commercial  and 
sports  fishing  interests  and,  to  the  best  extent  possible,  meteorological  and  oceano¬ 
graphic  forecasts  in  coastal  and  inland  regions  and  off-shore  maritime  regions. 

4.7  System  Relative  Effectiveness 

It  was  not  one  of  the  major  purposes  of  this  study  to  consider  the  effect  of  system 
size  (number  of  buoys)  and  location  of  buoys  in  a  system  relative  effectiveness  frame¬ 
work.  It  was  recognized,  however,  that  location  of  buoys  for  the  sever,  data  buoy 
systems  should  be  based,  to  the  degree  possible,  on  rationales  relating  buoys  in  various 
MDZs  to  the  potential  utility  of  the  collected  data  and  likely  data  products  ultimately 
to  be  produced  and  used.  At  the  request  of  the  NDBS  DPO,  TRC  undertook  a  very 
brief  and  highly  subjective  analysis  of  data  buoy  system  relative  effectiveness  as  a 
function  of  system  size. 

In  contrast  to  other  topics  in  this  report  which  are  based  on  objective  struc^res 
of  analysis  and  are  believed  to  be  at  least  as  well-founded  as  the  coat  and  other  assump¬ 
tions  that  underlie  them,  the  system  relative  effectiveness  results  presented  here  are 
recognized  to  be  completely  open  to  dispute  and  obviously  in  need  of  considerable 
refinement.  Both  TRC  and  the  NDBS  IPO  recognjzed  that  neither  time  nor  resources 
were  available  to  carry  out  a  study  of  data  buoy  system  relative  effectiveness  at  the 
desired  level  of  detail.  Yet,  it  w.:s  clear  to  both  parties  that  the  need  existed  to  create 
at  least  an  initial  "strawman”  to  give  some  insight  into  the  complexity  of  relating 
numbers  and  locations  of  buoy  a  to  the  utility  and/or  benefits  to  be  derived  from  the 
collected  data  and  commensurate  data  products.  The  subjective  approach  used  here 
may  serve  this  need  somewhat  by  providing  an  initial  frame  of  reference  #or  discussion 
and  some  topics  and  ideas  to  stimulate  further  thought  along  these  lines. 

4.7.1  The  Baseline  System 

The  500-buoy  baseline  system  (Fig.  4-2),  provides  mom  buoys,  more  da  set? 
located  in  all  MDZs  than  any  of  the  other  systems  (minor  exceptions:  some  transect 
lines  that  appear  in  the  375,  250,  and  50%  systems).  More  area  is  covered  by  the 
baseline  system,  although  the  “worth”  to  the  U.8.  of  having  buoys  in  the  ter  reaches 
of  the  Northwest  Pacific  is  fay  no  means  clear.  (It  must  be  remembered  that  the  form 
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of  the  baseline  system  was  primarily  specified  to  give  a  ’elerence  point  for  the  deploy¬ 
ment  study.)  The  baseline  system  is  arbitrarily  assigned  a  system  effectiveness 
score  of  100.  The  estimated  system  effectiveness  for  each  of  the  six  other  data  buoy 
systems  is  scored  relative  to  the  SOO-buoy  baseline  system . 

4.7 .2  Criteria  for  Estimating  Effectiveness  Scores 

The  list  of  users  of  the  oceans  and  marine  environmental  information  has  been 
well-documented  elsewhere,  especially  in  efforts  to  establish  the  nature  of  potential 
benefits  to  be  derived  from  collection  of  marine  data  through  use  of  buoys  [5].  For 
this  cursory  effort,  seven  categories  of  economic  users  were  u?ed?  Table  4-3  shows 
these  categories  and  relative  weights  assigned  to  each.  It  is  obvious  that  to  be  more 
complete,  Table  4-3  should  also  include  several  militai  j  and  social  'general  public) 
categories. 


TABUE  4-3 

RELATIVE  IMPORTANCE  OF  ECONOMIC  USES 
OF  BUOY -COLLECTED  DATA 


User® 

Relative  importance  (weights) 

I.  Long  r?  $e  forecasting 

15 

2.  Short  range  forecasting 

15 

3.  Ocean  research 

36 

10 

S.  Commercial  fisheries 

10 

«.  RecreetUm 

5 

Other 

10 

Total 

100 

It  would  be  tmfifeely  that  data  derived  from  each  of  the  *  northern  h*  mi  re  MDZs 

weald  an  be  of  equal  vales,  even  to  a  single  category  of  were.  Therefore,  a  taaxlnutua 
attainable  score  was  &*§igs»4  to  each  SfIKSj  this  scare  (Table  4-4)  seUaote  pereouel 
judgment  of  <he  overall  relative  valus  of  data  from  each  MDft. 
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TABLE  4  -4 

MAXIMUM  ATTAINABLE  MDZ  SCORES 


Maximum  attainable  MDZ  scores 


Grand  Banks 
Fast  Coast 
Gulf  of  Mexico 
Mexican  Coast 
West  Coast 
Gulf  of  Alaska 


Subtotal 


North  Pacific  West 
North  Pacific  East 
North  Atlantic 


Subtotal 


Total  Score 


The  next  step  in  tills  brief  exorcise  to  tint arums  ayoteas  relative  sffootivoossa 
was  to  prepare  estimates  of  degree  of  sati  Action  of  each  oi  tite  • ftea  aeer  anteftorte^ 
fee  each  MDZ  deployment  in  each  of  q*  n  tiite  tengr  systems.  llm,  tee  scope  of  --' 
ev«3  tide  brief  rnvoto**  ?  usar  eeteMefes,  rtf  «Kf  ivMiiiC''’  ' 


-ritihitM  fjtesp  tee 


.6';'! 


nsatis  far 


SIR 


TABLE  4-5 

ESTIMATED  RELATIVE  EFFECTIVENESS  SCORES 


MDZ 

Data  buoy  system  estimated  relative  effectiveness 

score 

500 

base¬ 

line 

375 

250 

50% 

125 

25% 

60 

GB 

8 

7.6 

4.8 

6.4 

1.6 

2.8 

0.8 

EC 

19 

18.05 

17.1 

11.40 

11.40 

3.8 

10,45 

GM 

13 

12.74 

8.45 

9.75 

5.20 

2.6 

3.9 

MC 

5 

4.9 

2.0 

4.0 

0.25 

2.0 

0 

WC 

18 

16.74 

13.50 

15.3 

9.0 

4.5 

4.5 

GA 

12 

11.64 

7.2 

9.6 

4.8 

3.6 

2.4 

Subtotal 

75 

71.67 

53.05 

56.45 

32  25 

19.3 

22.06 

NPE 

10 

9.5 

9.0 

6.0 

5.5 

0.50 

0 

NPW 

4 

3.2 

2.4 

1.6 

0 

0.08 

0 

NA 

11 

10.45 

8  25 

3.3 

5.5 

11 

0 

Subtotal 

25 

23.15 

19.65 

10.9 

li.O 

1.68 

0 

Total 

100 

94.82 

T8.70 

67.35 

<3.25 

20.96 

28  06 

The  averags  marginal  ooatrfhottMa  to  vratem  relative  efKecftveaass  by  mesh 
additional  buoy  has  barn  competed  for  the  nacoantralned  deploy ft  Is  compared 
with  the  linear  marginal  ooo*rib«;ioti‘  la  FI*.  4*11.  It  ie  perhaps  ttotroartfey  tint 
marginal  system  relative  f&eettvsiNfe  deexessee  see*  totally  linearly  through  tb* 

375 -buoy  eyetem,  thee  Wls  aft  mote  sharply  as  th*  500-feuoy  amxh  Is  g^rtnahed. 


Figures  4-10  and  4*11  five  rtee  to  some  of  the  mete  ofrvtaas  oooctsstoi**  that 
can  be  drama  from  a  brM  InveottgUtoa  mmh  at  ttt*.  The  emiMlas'im  as  feitowi: 


1.  A  ommfc  higher  mfexgimal  agrsnm  eeliHra  i 
sepceied  from  the  Ural  JfO  tmr.*  far  to)  dsplm^o. 


anise 


Ur.cona  trained 

deployment 

locations 


0.3 


Average 
Marginal 
System 
Helatl  e 
Effectivenee* 


0.2 


Linear 

condition 


e 


HutnJj*?  osf  Data 


Fig.  4-H ..  Average  marjdiMiI  ayatea  rvilaflra  eflT&oti 


2.  For  date  buoy  systems  growing  m  size  over  u me,  high  marginal 
system  relative  effectiveness  is  achieved  by  lotting  -he  sys  cm  tic-signer 
select  locations  that  best  support  date  requirements  and  benefits  The 
alternative  of  building  up  a  data  system  by  equal  volutionary  growth  in 
alt  MDZs  (the  50%  and  25%  s> stems)  is  not  as  uilect.  e  an  appr  >ach. 

3.  Marginal  system  lelative  effectiveness  becomes  low,  once  about 
375  buoys  have  been  deployed 

4  Compared  to  a  hypothetical  linear  growth,the  system  relative 
effectiveness  results  tor  the  seven  buoy  systems  studied  show  that 
marginal  system  relative  effectiveness  peaks  with  the  60-buoy  system, 
and  continues  relatively  high  hrough  the  125-buoy  (unconstrained) 
system.  At  the  point  of  the  375-buoy  system,  marginal  system  relative 
effectiveness  per  buoy  added  is  less  than  one-haif  the  value  of  the 
60-buov  system  Beyond  the  375-buoy  system,  marginal  system  relative 
effectiveness  is  of  the  order  of  one-tenth  the  value  for  the  6 0-  bun,  system 

None  of  the  above  comment*  is  out  oi  iine  with  what  probably  would  have  been 
grossly  estimated  cn  an  intuitive  basis.  Yet,  it  must  be  fully  recognised  that  agree¬ 
ment  with  intuition  is  insufficient  to  give  a  high  level  of  confidence  to  the  use  of  the 
results  presented  here  indeed,  this  brief  invest! gsti on  point*  out  all  the  more  strongly 
the  need  to  expend  one  to  two  magnitudes  more  effort  to  relate  in  a  truly  objective 
fashion  utility  of  data  and  data  product!  and/or  benefits  to  number*  and  locations  of 
date  buoys.  It  is  hoped  that  this  brief  example  will  nerve  to  arouse  thought  and  interest 
in  advancing  this  area  of  study 


4;8_ _ Summary 

In  summary,  It  must  be  stressed  that  the  principal  consideration  in  this  buoy 
deployment  study  was  to  locate  specific  numbers  of  buoys  at  reasonably  representative 
locations  throughout  the  northern  hemisphere  Deep  Oceans  and  Coastal  North  America 
regions.  To  carry  out  this  assignment,  any  erf  a  number  erf  approaches  might  have 
boon  chosen  and,  as  &  matter  of  fact,  at  least  throe  rather  distinct  rationales  have 
been  employed.  The  purpose  for  using  three  alternative  rationales  was  to  determine 
tbs  sensitivity  erf  results,  such  as  average  ship  operating  cost  per  buoy  planted.  The 
locating  of  buoyt,  for  the  various  configurations  used  in  this  study  should  not  be  taken  as 
1  iriicative  erf  preferred  locations  for  NDB&  data -collecting  buoys.  The  exact  locations 
at  which  buoys  will  ultimately  be  deployed  will  have  to  be  chosen  by  the  appropriate 
representatives  of  interested  U.  S.  government  agencies,  in  conjunction  with  the 
idsBtifiec  ultimate  users  of  the  data  or  products  derived  from  the  data.  As  will  be 

in  succeeding  sections  of  this  report,  it  is  considered  that  adequately  representa¬ 
tive  deployments  of  buoys  have  been  investigated  to  provide  a  firm  statistical  base  for 
decisions  related  to  NDBS  planning  at  this  stage  of  buoy  system  development.  As 
actual  desired  locations  of  buoys  are  determined,  the  buoy  deployment/maintenance 
simulation  and  cost  model  used  for  this  study  can  be  used  for  determining  explicit 
strategies  and  details  associated  with  coordinated  agency /user  location  choices. 


5.0  ANALYSIS  OF  SHIP  SPEEDS,  BUOY-CARRYING  CAPACITIES,  AND  COSTS 

This  section  presents  buoy  dsployment/maintenance  simulation  and  cost  model 
results  that  Indicate  "optimum"  =Jhlp  characteristics,  baaed  upon  the  get  of  ship 
characteristics  and  costs  described  In  Section  3.  While  the  results  of  this  analysis  are 
not  sufficiently  comprehensive  to  state  categorically  that  for  the  input  cost  data  pro¬ 
vided  the  "optimum"  deployment  ship  has  been  defined,  it  is  believed  that  the  results 
presented  herein  are  sufficiently  convincing  to  provide  guidance  for  development 
planning  at  this  time. 

A  number  of  corollary  buoy  system  deployment  features  are  also  presented  in  this 
section.  Many  of  these  features  are  independent  of  specific  input  ship  characteristics 
and/or  costs.  For  example,  in  Section  5.2  the  total  distance  traveled  to  deploy  all  buoys 
in  each  of  the  seven  typical  data  buoy  systems  described  in  Section  4  is  given.  These 
results  depend  only  on  buoy  deployment  strategies,  such  as  those  described  in  Appendix 
B. 

This  section  concludes  with  a  resume  of  buoy  hardware  costs,  based  on  equip¬ 
ment  costs  listed  in  Table  3-4,  for  a  data  buoy  comparable  to  the  ONR  40-ft  discus. 

In  the  course  of  computing  buoy  hardware  costa,  it  ins  been  necessary  to  determine  the 
mooring  depth  for  each  buoy  in  all  seven  data  buoy  systems;  a  total  of  more  than 
depths  at  selected  geographical  points  in  the  northern  hemisphere  has  been  used.  Another 
output  of  the  model  that  Is  independent  of  cost  inputs  is  total  length  of  mooring  for  a  buoy 
system  and/or  average  nooning  depth  per  buoy  by  MDZ  or  for  a  total  buoy  system. 

Total  buoy  hardware  cost,  of  course,  is  dependent  upon  the  cost  assumptions  of  Table 
3-4  and  other  assumptions  such  as  the  requirement  to  instrument  IAP80  levels  down 
to  and  including  depths  d  5000  meters.  Thus,  the  buoy  hardware  costs  are  presented 
only  to  illustrate  what  these  costs  might  be,  in  the  event  one  of  the  more  long-lived 
types  of  data  buoy  le  deployed. 

.  Qggy  g^g  flse* 

One  of  the  lay  planning  factors  teat  can  be  generated  from  a  study  such  as  this 
Is  the  average  ship  operating  coats  per  buoy  deployed.  This  planning  factor  is  a  func¬ 
tion  of  a  large  number  of  variables  including  all  of  those  involved  In  Eq.  1  for  total 
ship  cxuiae  oosta  (see  Section  $).  Average  ship  operating  cost  per  buoy  planted  is 
defined  to  be: 
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Average  ship-operating 
coat  per  buoy  planted  avg 

where  =  Total  ship  cruise  cost  on  fc**  cruise  ($)  (see  Eq.  1) 

=  No  buoy*  deployed  on  Vth  cruise 
K  -  Total  number  of  cruises. 

The  general  nature  of  Eq.  2  is  of  interest  because  it  is  a  function  of  ship  buoy¬ 
carrying  capacity  and  ship  speed .  Cruise  deploy  meat  schedules  and  location  of  buoys  and 
ports  and  ship  buoy -carrying  capacity  determine  the  distance  traveled  for  each  cruise .  The 
sum  of  all  cruise  distances  in  an  MDZ  represents  the  total  distance  traveled  to  deploy 
all  buoys  in  the  MDZ  and,  when  summed  over  all  pertinent  MD 7s, gives  the  total  distance 
traveled  to  deploy  all  buoys  In  regions  such  as  CNA  or  DO,  or  for  all  buoys  in  a  total 
system.  Once  total  deployment  distance  traveled  is  known,  average  ship  speed  car.  be 
used  to  compute  time  spent  traveling,  which  is  added  to  time -to- Implant  all  buoys  to 
determine  total  (minimum)  cruise  time.  Port  day*  per  cruise  is  added  to  cruise  time 
to  give  total  (minimum)  deployment  time.  Fuel  coal  and  ship  maintenance  cost  per  sea- 
day  depend  on  ship  buoy-carrying  capacity  and  ship  speed.  In  general,  ship  maintenance 
cost  per  sea-day  and  fuel  cost  per  n  ml  traveled  tend  to  increase  with  both  ship  speed 
and  ship  buoy-carrying  capacity,  but  in  the  non-linear  fashion  as  indicated  in  Fig.  5-1. 
In  contrast,  the  number  of  days  spent  at  sea  decreases  linearly  as  a  function  of  ship 
speed  for  given  deployment  schedules.  In  turn,  that  portion  of  cruise  costs  that  depend 
on  time  at  sea  also  decreases  linearly  as  a  function  of  ship  speed.  Thus,  the  cost  curves 
of  Fig.  5-1,  which  are  essentially  constant  over  the  low  speed  range  of  8  to  15  or  18  kt, 
and  the  linearly  decreasing  time  spent  at  sea  per  cruise  as  ship  speed  Increases,  cause 
ship  operating  costs  to  decrease  until  ship  maintenance  and  fuel  costs  begin  to  Increase 
in  die  15  to  18  kt  region,  thus  causing  cruise  costs  to  pass  through  a  point  of  minimum 
(at  18  or  18  kt  for  the  cost  curves  given)  and  increase  relatively  sharply  for  ship 
speeds  above  18  kt,  for  all  ship  buoy-carrying  capacities.  These  points  are  illustrated 
\r  Fig  5-2,  which  shows  tee  general  nature  of  tee  ooet  curves,  tee  decrease  in  distance 
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traveled  (and  hence  total  costa  per  cruise  due  to  base  costa  per  sea-day)  and  the 
resulting  average  ship  operating  coat  per  buoy-planted  curves,  all  as  a  function  of 
both  ship  speed  and  ship  buoy-carrying  capacity. 

Of  course,  there  are  many  other  facets  of  the  buoy  deployment/maintenance 
simulation  that  are  of  interest.  A  number  of  these  are  shown  in  Table  5-1,  which 
gives  for  the  500-buoy  baseline  system  North  Atlantic  MDZ,  cruise  data  for  an  18  kt 
ship.  The  table  illustrates  that  increasing  buoy-carrying  capacity  from  4  to  12  permits 
essentially  a  50  percent  reduction  in  distance  traveled  to  deploy  the  48  North  Atlantic 
buoys  (using  the  8-buoy  ship  affords  a  41  per  cent  reduction  in  distance  traveled  for 
this  MDZ).  Of  course,  this  reduction  in  distance  traveled  is  a  direct  function  of  the 
number  of  cruises  required;  these  range  from  12  cruises  for  the  4-buoy  ship  to  4  for 
the  12-buoy  ship.  Using  a  safety  factor  of  1.0,  total  minimum  deployment  time  can  be 
determined;  it  varies  from  381  to  188  days  for  the  4-buoy  and  12-buoy  ship  respectively. 
The  amount  of  time  In  port  and  at  sea  Is  also  indicated.  For  the  4-buoy  ship,  over  50 
per  cent  of  the  time  is  spent  in  port;  for  tin  ’  2-buoy  ship,  only  34  per  cent  of  the 


TABLE  5-1 

500- BUOY  BASELINE  SYSTEM 
NORTH  ATLANTIC  MDZ  CRUISE  DATA:  18  KT  SHIP  SPEED 


Number 

cruises 

required 

— 

Total  min 
deployment 
time 
(days) 

Time 
in  port 
(day*) 

Time 

at  sea 
(days) 

Max 

cruise 
length 
^  (daye)^ 

Avg. 

cruise 

length 

(days) 

Avg.  days 
per  buoy 
planted 

Max 

No.  buoys 
planted  per 
ship  year 

12 

331 

120 

211 

23 

17.6 

6.9 

49 

8 

245 

80 

165 

25,6 

20.6 

6.1 

66 

6 

206 

60 

145 

28.5 

24.2 

4  3 

79 

5 

183 

50 

133 

30.7 

26.6 

3.8 

88 

4 

168 

■ 

40 

L 

128 

35.1 

32.0 

3.5 

96 

Notes:  (1)  Time-to-plant  =  34  hr  (4)  Port  days /cruise  =>  10 

Base  coei/sea  day  «  $5000  (5)  Ship  speed  =  18  kt 

(3)  Safety  factor  *1.0  (6)  Days  /ship  year  -  335 
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deployment  time  is  spent  in  port.  It  is  clear,  however,  that  use  of  the  12-buoy  ship, 
loaded  to  its  maximum  capacity,  will  require  average  deployment  cruise  times  of 
35  days,  minimum,  (This  factor  depends  in  part  on  the  assumption  of  24  hours  time- 
to- plant  for  each  buoy,)  Because  a  safety  factor  of  1.0  has  been  used,  it  must  be 
recognized  that  actual  cruises  could  be  longer  in  time  than  these  figures  indicate. 

Such  lengthy  cruises  may  be  bad  for  crew  morale.  (Of  course,  only  four  such  cruises 
would  h«  required  to  deploy  all  48  North  Atlantic  MDZ  buoys ,)  Finally,  the  table 
shows  two  Important  planning  factor-"  that  can  be  obtained  from  the  previously  listed 
data;  namely  the  average  number  of  days  required  per  buoy  planted  and  the  maximum 
number  of  buoys  that  could  be  planted  per  ship-year  (based  on  335  days  per  ship- 
year). 

The  TRC  buoy  deployment/malntenanoe  simulation  and  cost  model  provides 
data  shown  In  Table  5-1,  as  well  as  other  useful  information  (see  Appendix  A).  This 
type  of  data  has  been  generated  and  analyzed  for  each  of  the  seven  buoy  systems  out¬ 
lined  in  Section  4.  In  general,  in  this  section,  specific  results  of  analyzed  data  will 
be  presented  for  the  500-buoy  baseline  system.  Comparable  results  have  been 
obtained  for  the  other  buoy  systems  but  the  results  proved  to  be  linearly  dependent  on 
number  of  buoys  in  the  system;  therefore,  for  the  most  part,  only  average  values 
and  total  results  are  compared  for  all  seven  systems,  it  will  become  apparent,  as 
the  presentation  of  material  in  this  section  proceeds,  that  the  average  values  pre¬ 
sented  (the  "planning  factors")  are  essentially  independent  of  the  number  of  buoys 
in  the  systems,  once  systems  of  approximately  100  or  so  buoys  are  taken  under  con¬ 
sideration. 

5.3  Total  Ptgtapge  Traveled  to  Ha&Bf 

As  discussed  in  the  previous  section,  total  distance  traveled  to  deploy  data 
buoys  is  one  of  the  key  factors  in  determining  average  ship  operating  cost  per  buoy 
planted,  and  is  intrinsically  independent  of  cost  assumptions,  ft  te,  of  course, 
completely  dependent  on  the  choice  of  buoy  and  port  locations  and  the  cruise  soheduiee 
relating  teem.  A  detailed  dismission  of  preferred  cruise  scheduling  is  given  In 
Appendix  S.  Figur  e  5-S  shows  three  typical  cruise  deployment  schedules  for  tee  500- 
buoy  baseline  system  Norte  Atlantic  MDZ,  where  there  are  <8  buoys  to  be  deployed; 
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the  figure  shows  cruise  schedules  for  4-buoy,  8-buoy,  and  12-buoy  deployments.1'' 

Figure  5-4  shows  total  distance  traveled  for  the  East  Coar.t  MDZ  and  the  North 
Atlantic  MDZ;  average  distance  traveled  per  buoy  planted  is  also  indicated  ar«  each 
figure.  Note  that  for  the  12-buoy  ship  it  is  necessary  to  travel  a  little  over  700  n  mi 
per  buoy  deployed  In  the  North  Atlantic  MDZ,  but  only  about  150  n  mi  per  buoy  planted 
in  the  East  Coast  MDZ,  thus  Illustrating  the  difference  in  distance  traveled  in  planting 
CNA  and  DO  data  buoys,  a  ratio  of  almost  5  to  1  in  this  instance.  (It  should  be  held 
in  mind  that  for  the  500-buoy  baseline  system  there  are  350  CNA  data  buoys  and  150 
DO  buoys,  or  a  ratio  of  2.33  to  1 .0.  This  ratio  was  held  constant  for  the  50  per  cent  and 
25  per  cent  of  baseline  systems.  It  was  varied  somewhat  for  the  375,  250,  125,  and  60- 
buoy  systems.) 

Considering  all  seven  data  buoy  systems,  Fig.  5-5  gives  total  distance  traveled 
to  plant  CNA  buoys,  DO  buoys,  and  the  combination  of  DO  and  CNA  buoy* .  Note  that 
the  distances  traveled  for  the  50  per  cent  and  25  per  cent  systems  are  somewhat 
greater  than  for  the  comparable  250  and  125  buoy  systems.  The  primary  reason  for 
this  la  that  moie  buoys  were  deployed  in  the  North  Pacific  West  MDZ  and  the  Mexican 
Const  MDZ  in  the  50  per  cent  and  25  per  cent  systems.  With  these  exceptions,  total 
distance  traveled  tends  to  be  a  mwiotcnicaily  (approximately  linear)  decreasing 
function  of  the  number  of  buoys  in  the  system,  as  would  be  expected. 

Total  distance  traveled  to  plant  ail  buoys  varies  from  200,000  n  ml  for  the  12- 
buoy  ship  deploying  the  500-buoy  system ,  to  shout  50,000  n  ml  for  implanting  the  125- 
buoy  and  25  per  cent  systems.  Figure  5-6  shows  the  average  distance  traveled  per 
buoy  planted  for  all  seven  buoy  systems.  The  CNA,  DO  and  combined  CNA  and  DO 
regions  are  shown  separately  with  corvee  foe  4,  3,  and  12  buoy*  per  ship.  Three 
figure*  show  the  independence  at  average  distance  traveled  per  buoy  planted  as  a  func¬ 
tion  of  system  six*,  at  least  through  tee  126-buoy  and  25  per  cent  system.  For 

*  The  interested  reader  may  wish  to  challenge  th»  deployment  ^Sedates  shows  In 
rt«.  5-2.  As  noted  to  Appendix  B  and  elsewhere,  no  suffteetton  is  mao^  in  this  report 
teat  qp tfeaa  crates  scheduling has  bass  attained.  However,  Appendix  B  shows  that 
oertefo  orntae  sohednltng  strategies  are  preferred  over  others  and  these  pddsltee* 
have  been  followed  throughout  tee  study. 
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Buoy  Systems 

Tig.  5-5.  Total  distance  traveled. 
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Notes:  1.  Time-to-Plant  -  24  hr 

2.  Base  Cost/Sea  Day  r-  $5000 

3.  Safety  Factor  -  1.0 

4.  Port  DayB/Crulae  =  10 
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Pig.  5-9.  Average  distance  traveled  per  buoy  planted . 
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example,  for  the  12-buoy  ship,  St  is  clear  that  for  all  CNA  MDZe  f&nd  two  deployment 
pn-w)  the  average  distance  traveled  per  buoy  planted  Is  approximately  275  n  mi.  In 
the  Deep  Ocea?\  (again,  for  two  Deep  Ocean  deployment  portal  the  average  distance 
traveled  per  buoy  planted  using  the  12-buoy  ship  is  about  750  r.  mi.  Averaged  over  the 
entire  northern  hemisphere,  the  12-buoy  ship  can  carry  cut  deployments  at  a  rate  of 
approximately  400  n  mi  traveled  per  buoy  planted. 

In  each  MDZ,  there  is  always  one  cruise  greater  in  distance  traveled  than  any  of 
the  others.  In  general,  this  cruise  depends  more  on  the  buoy  that  is  at  the  farthest 
distance  from  the  deployment  port  than  it  does  on  ship  buoy-carrying  capacity.  This 
point  is  clearly  illustrated  in  Fig,  5-7,  which  shows  for  the  500-buoy  baseline  system, 
maximum  cruise  distance  in  each  of  the  nine  MDZe,  and  indicates  that  ship  buoy¬ 
carrying  capacity  has  little  effect  on  this  factor.  (As  would  be  expected,  increasing 
ship  buoy-carrying  capacity  does  Increase  maximum  cruise  distance  somewhat.) 

5.3 _ Average  Ship  Operating  Cost  per  Buoy  Planted 

Section  5.1  has  given  a  general  explanation  of  how  average  ship  operating  cost 
per  buoy  planted  is  obtained  and  what  the  nature  of  the  curves  as  functions  of  ship  buoy¬ 
carrying  capacity  and  speed  are  expected  to  be.  Section  5.2  had  shown  the  character¬ 
istics  of  one  oi  the  major  factors  determining  average  ship  operating  cost  per  buoy 
planted,  namely,  total  distance  traveled  to  deploy  all  buoys  (in  an  MDZ  or  in  CNA  or  DO 
or  in  the  northern  hemisphere),  and  average  distance  traveled  per  buoy  planted  in 
various  MDZs  or  regions. 

Figure  5-8  shows  two  sets  of  curves  for  average  <thip  operating  cost  per  buoy 
planted  as  functions  of  ship  speed  and  buoy-carrying  capacity.  The  data  for  Fig.  5-8 
Is  given  in  Table  5-3.  Average  ship  operating  costs  for  the  500-buoy  baseline  system 
East  Coast  and  North  Atlantic  MDZs  are  presented  as  representative  of  higher  and 
lower  average  costa  to  be  encountered  for  the  conditions  stipulated  on  the  figure. 
Clearly,  the  minima  >ccur  at  either  15  or  10  ki  for  each  ship  buoy-carrying  capacity, 
and  increasing  ship  buoy-carrying  capacity  tends  to  make  deplo>ment  more  efficient.* 

*  There  is,  of  course,  an  upper  bound  on  how  far  ship  buoy-carrying  capacity  should 
be  carried.  That  bound  depends  primarily  on  the  desired  maximum  cruise  time.  The 
U8CG  NDBS  DPO  provided  TRC  with  the  guidance  that  22.5  days  at  a  safety  factor  of 
1.0  represents  desirable  majdmuE  cruise  time.  This  22.6  'lay  factor  will  be  discussed 
at  a  number  of  points  in  the  remaining  port  ms  of  this  report. 
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Notes;  1.  No.  Buoys  Deployed  =  500 

2.  Deployment  Ports:  a.  Portsmouth,  Va. 

b.  San  Francisco,  Cal. 

c.  Honolulu,  Hawaii 


Fig.  5-7.  Maximum  aruies  distant*)  for  each  modular  deployment  zone. 
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Fig.  5-8.  Average  chip-ope rating  coat  per  buoy  planted. 


One  aspect  of  the  analysis  for  this  buoy  deployment  study  was  determination  of 
the  point  (or  points)  of  minimum  (or  slope  reversal)  in  the  curves  for  average  ship 
operating  costs  per  buoy  planted  as  defined  by  Eq.  2.  In  every  case  investigated  in 
this  study,  the  minimum  point  occurred  either  at  15  or  18  kt.  ship  speed.  Review  of 
the  cost  curves  (Fig.  5-1)  indicates  why  this  occurs.  With  nc  exception,  for  all  cases 
investigated  and  all  variations  of  parameters,  the  12-buoy,  18  kt  ship  provided  the 


lowest  average  ship  operating  cost  per  buoy  planted.  It  was,  therefore,  decided  to 
present  most  of  the  comparative  data  at  ship  speeds  of  15  or  18  kt,  commensurate  with 
minima  as  a  function  of  ship  buoy-carrying  capacity.  Figure  5-9  is  such  a  graph  It 
shows  average  ship  operating  cost  per  buoy  planted  at  the  points  of  minima  on  the  cost 
curves  for  all  nine  MDZe  in  the  500-buov  baseline  system.  Average  costs  for  ship 


TABLE  5-2 

500-BUOY  BASELINE  SYSTEM 


Ship  buoy- 
carrying 

Ship  Speed  (kt) 

No.  buoys 
deployed 

capacity 

9 

12 

15 

18 

Lllj 

24 

27 
- . 

30 

in  MDZ 

East  Coast  MDZ  j 

4 

25.9 

24.1 

2M 

23.1 

24,4 

28.5 

31.1 

33.5 

53 

6 

20.0 

18.6 

18.0 

UA 

20.2 

21,6 

23.6 

25.5 

53 

8 

17.3 

16,2 

15.7 

16.2 

17.1 

18.3 

19.9 

s-m® 

49 

10 

16. 2 

15.1 

14.5 

1AJ. 

15.1 

16.1 

17,5 

18,9 

49 

12 

15.2 

14.2 

13.6 

HA 

14.2 

15.1 

16.5 

17.7 

49 

9 

4 

56.5 

6 

42.3 

8 

36.1 

10 

S5.2 

12 

32.8 

21 

24 

27 

30 

45.6 

59.5 

69.2 

78.6 

48 

38.7 

43.5 

50.5 

57.3 

48 

32.3 

36.3 

42.1 

47.7 

48 

28.7 

32,2 

37.3 

42.2 

48 

26.7 

30.0 

34.8 

39.4 

48 
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Notes;  1. 
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Base  Cost/Sea  Day  =  $5000 
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Safety  Factor  =  1.0 
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Ship  Speed  =  15  or  18  kt 
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Ftf .  5-9  Averv.fe  ship-opo  rating  ooet  per  buoy  planted  -  baseline  ayatem. 


buoy-carrying  capacity  of  4,  8,  and  12  buoys  are  clearly  indicated  on  the  bar  graphs. * 
Data  was  produced  for  6  buov  and  10-buoy  ships,  but  has  been  omitted  in  the  interest  of 
simplicity.  Figure  5-9  makes  clear  the  advantage  of  deploying  buoys  from  deployment 
ports  contiguous  with  the  deployment  zone.  For  example,  average  costs  to  deploy  each 
buoy  are  lowest  in  the  East  Coast  and  West  Coast  CNA  MD 7s  and  in  the  North  Pacific 
East  DO  MDZ,  because  average  distance  traveled  to  deploy  buoys  was  lowest  in  these 
three  MDZs, 

Figure  5-19  shows  average  cost  to  deploy  all  CNA  buoys  for  all  seven  systems, 
using  ship  buoy-carrying  capacities  of  8  and  12  buoys.  The  average  cost  is  bounded  by 
the  maximum  average  cost  found  in  any  of  the  appropriate  MDZs  and  the  minimum 
average  cost  per  MDZ  encountered  in  each  of  the  seven  systems.  +  Also,  the  8-buoy 
per  ship  and  12-buov  per  ship  averages  are  compared  directly  at  the  bottom  of  Fig. 
5-10. 

The  large  increase  In  maximum  average  cost  per  buov  planted  for  the  250-buov 
system  occurs  because  the  number  of  buoys  In  the  Mexican  Coast  MDZ  was  reduced  to 
a  small  number,  but  of  these  several  were  located  at  large  distances  from  the  deploy¬ 
ment  port  in  San  Francisco.  Thus,  there  are  no  "short"  buoys  to  counterbalance  the 
"long"  buoys.  Note  that  the  overall  average  for  the  CNA  buoys  in  the  250-buoy  system 
is  less  than  the  CNA  buoys  in  the  50  per  cent  system.  CNA  average  cost  per  buoy 
planted  Is  of  the  order  of  $19,000  for  the  8-buoy  ship  and  $16,000  for  the  12-buoy  ship. 
Clearly,  there  la  a  differential  of  approximately  $3000  per  buoy  planted  between  the 
average  coet  curves  for  the  8-buoy  and  12-baoy  ahipe.  Thus,  using  an  8-buoy  ahlp, 
rather  than  a  12-buoy  ship,  to  deploy  CNA  buoy*  would  increase  average  ahip  operating 
cost  per  buoy  planted  by  nearly  19  per  cent.  For  the  350  CNA  buoys  In  the  baaellne 
system,  this  would  amount  to  an  increaaed  deployment  cost  of  $1.05  million.  Recurring 

*  The  number  of  buoy*  deployed  in  each  MDZ  doe*  not  exactly  agree  with  the  data 
in  Table  4-2.  because  sometime*  for  efficiency  of  cruise  scheduling,  buoy*  from  an 
adjacent  MDZ  were  deployed  under  a  different  MDZ  heading. 

t  In  other  words,  under  no  conditions  investigated  was  average  ship  operating  cost 
per  buoy  per  MDZ  more  or  less  than  the  curves  of  maximum  and  minimum.  These 
curves  are,  therefore,  useful  in  determining  how  much  deviation  might  be  expected 
around  the  average  value  curve,  in  a  relative  sense  Absolute  values  are,  of  course, 
completely  dependent  on  the  safety  factor,  costs,  ship  characteristics ,  and  port-days 
per  cruise  assumptions. 
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maintenance  costs  of  comparable  magnitude  would  also  occur  at  least  annually. 

Figure  5-11  shows  average  ship  operating  costs  per  buoy  planted  for  the  three 
Deep  Ocean  MDZe  for  all  buoy  systems,  with  maximum  average  cost  per  MDZ  and 
minimum  average  cost  per  MDZ  also  indicated.  For  the  buoy  systems  of  Jar  ;e  si  a 
investigated,  use  of  the  12-buoy  ship  provides  an  average  cost  per  buoy  plu.  .ed  in  the 
DO  of  approximately  $25,500,  while  the  8-buoy  ship  provides  an  average  cost  per  buoy 
planted  or  approximately  $29,500,  thus  affording  a  $4000  differential  between  the  two 
buoy-carrying  capacities. 

Carrying  out  the  averaging  processes  over  all  buoys  (CNA  plus  DO)  in  each  of 
the  seven  systems  for  the  8-buoy  and  12-buoy  ships  gives  the  average  cost  curves 
shown  in  Fig.  5-12.  In  this  figure  the  grand  average  for  all  buoys  is  shown  compared 
to  the  average  for  all  Deep  Ocean  MD&  (which  generally  is  about  $7000  per  buoy  more) 
and  the  average  for  all  CNA  MDZe  (generally  more  than  $4000  per  buoy  lessi.  I  se  of 
the  8-buov  ship  produces  an  average  ship  operating  cost  per  buoy  planted  of  approxi¬ 
mately  $22,000  while  the  12-buoy  ship  deploys  buoys  at  an  average  ship  operating  cost 
per  buoy  planted  of  about  $19,000. 

Figure  5-12  makes  evident  the  contention  that  average  ship  operating  cost  per 
buoy  planted  Is  essentially  independent  of  number  of  buoys  in  the  system.  It  also 
clearly  indicates  the  expected  result  that  the  greater  the  distance  from  the  deploy¬ 
ment  port,  the  more  expensive  It  is  to  deploy  buoys  is  substantiated.  On  the  basis  of 
average  distance  traveled  to  deploy  buoys,  the  relationship  is  reversed.  For  example, 
with  a  l*-buoy  ship,  it  require!  about  750  n  mi  of  travel  (average  per  buoy)  to  deploy 
D<">  buoy*  at  an  average  ship  ope  rating  cost  of  $29 ,500  per  buoy ,  or  nearly  $40  pern  mi  traveled. 
To  deploy  CNA  buoys,  the  average  distance  traveled  per  buoy  planted  is  about  280  n  mi, 
and  the  average  chip  operating  cost  per  buoy  planted  Is  about  $15,500;  this  results  in  a 
cost  of  about  $55  per  n  mi  traveled.  Planning  factors  such  as  tbsse  are  useful  for 
first  estimates  in  determining  deployment  cost,  given  the  numbers  and  locations  of 
deairod  data  bucy  networks  and  potential  (iwployment  ports.  The  sensitivity  of  these 
planning  factors  to  variations  in  bane  cost  per  sea-day  and  time-to-plant  each  buoy 
are  discussed  below  in  this  section.  Cost  sensitivity  to  use  of  additional  deployment 
ports  la  given  In  Section  0.  Sensitivity  to  variation  of  port-days  per  cruise  is  given  in 
Section  7.  Total  <k  loymjnt  cost  is  discussed  next. 
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5.4  Total  Ship  Operating  Coat  for  Seven  Buoy  Systems 

Total  ship  operating  costs  to  deploy  CNA,  DO,  and  combined  CNA  and  DO  buoy 
systems  are  shown  for  all  seven  buoy  systems  and  4,  8,  and  12  ship  buoy-carrying 
capacities  in  Fig.  5-13,  These  total  ship  operating  costs  decrease  approximately 
linearly  wUh  total  number  of  buoys,  as  might  be  expected.  As  an  overall  average,  the 
50  per  cent  buoy  system  costs  slightly  more  than  the  250-buoy  system;  the  same  com¬ 
ment  applies  to  the  25  per  cent  versus  125-buoy  system.  This  occurs,  of  course, 
primarily  because  the  50  and  25  per  cent  systems  have  proportionately  more  buoys  in 
the  North  Pacific  West  and  Mexican  Coast  MDZs  than  do  their  250-buoy  and  125-buoy 
counterparts,  as  noted  previously.  The  500-buoy  system  deployed  by  a  ship  with  a 
12-buoy-carrying  capacity  requires  slightly  more  than  $9  million  for  deployment, 
based  on  a  safety  factor  of  1 .0;  a  time-to-plant  of  24  hours;  10  port-days  per  cruise; 
$5,000  base  cost  per  sea-dav;  and  an  18  kt  ship.  This  is  approximately  44  per  cent 
less  than  the  equivalent  cost  of  $17.4  million  for  a  4-buoy  ship.  Comparable  savings 
are  indicated  throughout  the  250  and  50  per  cent  systems  with  somewhat  lower  percent¬ 
age  of  saving  accrued  in  going  from  the  4-buoy  to  the  12-buoy  ship  for  systems  with 
less  than  250  buoys.  The  details  of  ship  operating  cost  to  deploy  the  seven  buoy 
systems  are  given  in  Table  5-3. 


TABLE  5-3 

SHIP  OPERATING  COST  TO  DEPLOY  BUOY  SYSTEMS  ($M) 


Region 

Ship  buoy¬ 
carrying 
capacity 

Buoy  systems 

500 

375 

250 

50% 

125 

25% 

60 

CNA 

4 

9.864 

7.803 

4.456 

4.857 

2.676 

2.515 

1.587 

8 

6.530 

5.096 

3.069 

3.257 

1.859 

1.717 

1.212 

12 

5.354 

4.199 

2.578 

2.770 

1.586 

1.461 

0.944 

DO 

4 

6.541 

4.210 

3.341 

3.093 

1.029 

1.387 

8 

4.425 

2.973 

2.366 

2.234 

0.769 

1.079 

12 

3.767 

2.594 

2.077 

1.959 

0.742 

1.005 

Combined 

4 

16.405 

11.813 

7.797 

7.950 

3.705 

3.902 

1.587 

CNA 

and 

8 

10.955 

8.069 

5.435 

5.491 

2.628 

2.796 

1.212 

DO 

12 

9.121 

6.793 

4.655 

4.729 

2.328 

2.466 

0.944 

Notes:  1.  Time-to-plant  *  24  hr  4.  Port  days /cruise  -  10 

2,  Base  cost/sea  day  =  $5900  5.  Ship  speed  ■  15  or  18  kt 

3.  Safety  factor  *  1.0 
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Fig.  5-13.  Ship  Operating  coat  to  deploy  buoy  ay  sterna . 


"Tolar’ 


Operatins 


Per  Buoy  Planted 


The  abo\e  analyses  have  not  included  pr  rated  shin  construction  costs,  »n  this 
subsection  it  will  be  shown  that  the  inclusion  of  such  prorated  coets  has  little  effect 
on  the  material  presented  and  conclusions  drawn  thus  tar. 

Figure  5-14  shows  prorated  ship  construction  cost  per  day  based  on  a  20-year 
lifetime,  fer  the  ship  construction  costs  previously  given  in  Table  3-2,  The  data  for 
these  curves  is  given  in  Table  5-4. 

Equation  3  3hows  the  expression  used  to  compute  "total"  average  ship  operating 
cost  per  buoy  planted. 


"Total"  Average  Ship 
Operating  Cost  Per 
Buov  Planted 


—  x  D 
7300  1 


(Eg.  3) 


Where 


Total  cest  of  ship  construction  ($) 


-  Average  Time  per  Buoy  Planted  (days) 

Figure  5-15  shows  "total"  average  ship  operating  cost  per  buoy  planted  for  50G~buoy 
baseline  system  deployments  ir.  ^  East  Coast  MDZ  and  the  North  Atlantic  MD2.  These 
are  represent. tive  of  other  results  obtained  throughout  the  study  and  clearly  indicate 
that  with  minor  exceptions,  Increased  Vnip  buoy-carrying  capacity  at  speeds  ol  15  or 
18  kt  leads  to  reduced  total  average  cost  per  buoy  planted. 

Because  of  the  consistency  of  results  such  as  those  indicated  in  Fig.  5-15,  pro¬ 
rated  ship  construction  costs  have  not  been  used  in  presenting  results  and  illustrations 
throughout  the  remainder  of  this  report,  because  real  costs  were  considered  to  be  of 

more  interest  than  prorated  (i.e.,  amortized)  costs. 

TABLE  5-4 

PRORATED  SHIP  CONSTRUCTION  C03TS  PEk  DAY*  ($K) 


Ship  buoy- 
carry  'ng 
capacity 


Ship  ape*  '  (kt> 


1.08  1.08  1.08  I  1  47  2.01  3.61  i  4.32  5.34 

•  4:  1.47  !  47  1.47  2.8!  I  I  I  I 


1  59  1.50  169  j  .  -j 

2.25  2.25  2.25  j  2.25 

2.25  2.25  2.25  j  2  25  " 

•20-yea'-  lifeti-ne  (7300  day*)  assumed. 


MA  8<Pil^nty  to  Variations  to  Base  Cggt  Per  Sea-Pay 

Average  ship  operating  cost  per  buoy  planted  depend*  primarily  on  base  coat 
per  sea-day.  The  rationale  for  various  choices  of  base  cost  per  sea-day  has  been 
given  is  Section  3,  where  it  was  noted  that  in  essence  base  cost  per  sea-dav  reflects 
crew  cost,  which  in  turn  is  a  function  of  the  level  of  automation  in  ship  operation  and 
fee  amounted  planned,  on-board  refurbishment  of  buoys. 

The  TRC  buoy  deployment/ maintenance  model  provide*  the  opportunity  to  vary 
base  cost  per  soa-day,  Three  values  were  used  in  this  study:  $2000,  $5000,  and  $8000 
per  day.  The  sensitivity  of  average  cost  per  buoy  planted  to  variations  in  base  coal  per 
sea-day  is  shown  in  Pig.  6-  18a.  Base  cost  per  sea-day  applies  to  all  days  at  sea  and 
in  port* ;  therefore,  average  cost  per  buoy  planted  varies  as  a  linear  function  of  base 
cost  per  sea-day.  As  fee  number  of  sea-days  per  buoy  planted  decreases  (as  Is  fee 
case  in  going  from  fee  4-buoy  to  fee  12-buoy  ship)  sensitivity  of  average  ship  operating 
cost  per  buoy  planted  also  ck  reuses. 

The  rate  of  change  of  average  chip  operating  cost  per  buoy -planted  is  indicative 
of  the  sensitivity  of  this  factor  to  changer  in  base  cost  per  sea-day.  The  rate  of  change 
(slopes  of  fee  curves  in  Fig.  5~*8a)  is  shown  in  Fig.  5~J8b.  Ibis  figure  indicates  feat 
the  sensitivity  has  decreased  to  the  point  where  a  variation  of  one  dollar  in  base  cost 
per  sea-day  for  fee  18-buoy  ship  has  fee  net  effect  of  creating  about  a  $2.58  change 
(in  fchs  same  Erection)  in  average  ship  operating  cost  per  buoy  planted.  Of  course, 
curves  such  as  feat  In  Fig.  5  - 18b  delineating  cost  sensitivity  differ  from  MDZ  to  MDZ 
Tito  nature  of  this  difference  is  shown  to  Fig.  5-17,  which  illustrates  fee  point  that  fee 
average  oast  variation  in  CNA  MD2*  far  fee  18  and  12-buoy  ships  1*  relatively  minor, 
and  tends  to  average  appreotimately  $2,50  change  to  averags  cost  per  buoy  planted  per 
dollar  change  to  base  cost  per  sea-day,  in  fee  DO  Mir/e  to#  factor  le  approximately 
$3.50  per  dollar  change  to  base  cost.  Thus,  it  Is  apparent  feat  what  might  appear  to  be 
rather  small  improvements  to  reducing  base  cost  per  sea-day  might  be  insreesod  by  a 
factor  of  about  3  to  the  redenttuc  of  average  cost  per  buoy  planted. 


♦Coet  par  port  day  was  specified  by  fee  NDB&  DPO  to  be  M%  of  bace  coat  per 

sea-day. 


77 


Notes:  1.  Time-to-plant  -  24  hr 

2.  Safety  Factor  1.0 

3.  Port  Days/Cruiae  -  10 

4.  Data  Average  Across  Ship  Speeds  of  15, 18  kt 

5.  No.  Buoys  Planted  -  500 


Dollar 
Increase 
In  Avg.  Coat 
Per  Buoy  Planted 
Per 
Dollar 
Increase 
In  Base  Coat 
Per  Sea  Day 

(I/I) 


Coastal  North  America 


Deep  Ocean 


Fig.  5-17.  Sensitivity  of  average  cost  per  buoy  deployed  to  variation  In  base 
coat  per  sea  day 
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5,6.2  Sensitivity  to  Variations  in  Tlme-to-Plant 

Throughout  this  report  a  time-to-plant  each  buoy  of  24  hours  has  been  used. 

The  buoy  deployment/maintenance  model  has  provision  for  variation  in  time-to-plant 
and  12,  24,  30,  and  36  hours  have  been  used.  The  sensitivity  of  average  ship 
operating  cost  per  buoy  planted  to  variations  in  time-to-plant  each  buoy  Is  given  in 
this  subsection. 

Time  spent  on  station  deploying  buoys  results  in  ship  operating  costs  comprised 
of  the  base  cost  per  c^a-day  and  the  ship  maintenance  cost  per  day.  Ship  maintenance 
cost  per  day  Is  a  function  of  ship  speed  and  ship  buoy-carrying  capacity  as  shown  in 
Fig.  5-1.  Once  ship  speed  and  ship  buoy-carrying  capacity  have  been  fixed,  the 
sensitivity  of  average  si  *p  operating  cost  per  buoy  planted  becomes  a  linear  function 
of  time-to-pl&nt  each  buoy.  For  example,  for  a  4-buoy  ship  operating  at  18  kt  and  a 
base  cost  per  sea-day  of  $5000,  the  ship  maintenance  cost  per  day  is  $306,  resulting  In 
a  linear  factor  of  $5,306  per  24  hours  time-to-plant  relating  average  ship  operating 
cost  per  buoy  planted  to  time-to-plant  each  buoy .  (That  Is,  the  change  in  average  cost 
per  buoy  planted  is  $221  per  hour  variation  in  time-to-plant.)  In  the  case  of  a  12- 
buoy.  18  kt  ship,  the  sum  of  base  cost  per  sea-day  and  ship  maintenance  cost  per  sea- 
day  is  $5,600  per  day  resulting  in  a  sensitivity  of  average  ship  operating  cost  per 
buoy  planted  of  $233  per  hour  time-to-plant.  These  statements  are  illustrated  in 
Fig.  5  -18  which  shows  sensitivity  of  average  ship  operating  cost  per  buoy  planted  to 
variation  of  time-to-plant  in  the  baseline  East  Coast  MDZand  North  Atlantic  MDZ. 

The  slopes  of  curves  for  comparable  ship  buoy-earrying  capacity  are  the  same  in  all 
MDZs.  For  the  500-buoy  baseline  system  a  reduction  of  one  hour  tlme-to-plant  would 
result  in  a  net  saving  of  $117,000  over  the  entire  system,  given  all  the  conditions  noted 
in  Fig.  5-18. 

5.7  Buoy  System  Deployment  Time 

A  factor  of  considerable  Interest  in  MDBS  development  planning  is  the  total 
deployment  time  (in  ship-days)  required  to  Implant  buoys  In  MDZs  or  in  the  CN’A  or  DO 
region,  or  for  the  combination  of  both  CNA  and  DO  regions.  These  factors  are  discussed 
in  this  subsection. 
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Notes:  1.  Buoy  System  =  500 

2.  Base  Cost/Sea  Day  =  $5,000 

3.  Safety  Factor  -  1.0 

4.  Port  Days/Cruise  =  10 

5.  Ship  Speed  -  18  lets 


East  Coast  MDZ 


Average 

Ship-Operating 

Cost 

Per 

Buoy 

Planted 

($K) 


N'^rth  Atlantic  MDZ 


Sup  Buoy-Carrying 
Capacity 


Average  Time-To- Plant  One  Buoy  (hr) 


Fig.  G-18.  Sensitivity  to  Uuie-to-plant. 


Figure  5-11*  shows  total  minimum  deployment  ship-days*  for  each  of  the  nine 
Modular  Deployment  Zones  for  the  500-buoy  baseline  system.  The  reduction  in 
deployment  ship-days  achieved  by  using  ships  of  high  buoy-carrying  capacity  is  marie 
evident  by  Fig.  5-19.  On  a  normalized  basis,  minimum  average  deployment  time  ir 
ship-days  per  buoy  planted  is  given  in  Fig.  5-20a.  It  is  evident  that  for  the  12-buoy 
ship, minimum  average  deployment  time  is  approximately  2.25  ship-days  per  buoy 
planted  in  the  CNA  MDZs  and  about  3.2  ship-days  per  buoy  planted  in  the  DO  MDZs. 

One  day  of  each  of  these  values  is  assumed  to  be  spent  on-statlon  deploying  the  buoy. 

A  second  day  (approx'ir.ately)  is  spent  in  port.  Thus,  the  average  time  traveling  per  buoy 
deployed  for  the  12-buoy  18  kt  chip  is  about  0.25  days  for  CNA  buoys  and  1.4  days  for 
DO  buoys . 

Using  the  minimum  average  deployment  time  for  each  MDZ  and  a  ship  operating 
year  of  335  days  (allows  60  days  dry-dock  time  every  two  years),  it  is  possible  to 
determine  the  maximum  number  of  buoys  one  ship  would  be  capable  of  deploying  In 
one  year.  This  information  is  given  In  Fig.  5-20b.  Note  for  this  figure  that  the  12-huoy. 
18  kt  ship  provides  the  greatest  deployment  capability,  numbering  betwoen  approxi¬ 
mately  120  and  140  buoys  per  year  (maximum)  in  the  CNA  MDZs  and  about  90  buoys  per 
year  in  the  Deep  Ocean  MDZs.  Theso  figures  are,  of  course,  for  a  safety  factor  of 
1.0.  A  more  conservative  planning  factor  might  be  about  90  buoys  per  ship  year  for 
CNA  MDZs  and  about  70  buoys  per  ship  year  for  Deep  Ocean  MDZs. 

As  has  been  noted  elsewhere,  a  potential  bound  on  the  number  of  buoys  deployed 
per  cruise  (or  per  ship  year)  depends  in  part  on  the  maximum  cruise  time  allowed. 

Figure  5-21  shows  that  the  maximum  cruise  time  in  CNA  MDZs  is  within  the  22.5  day 
desired  maximum  cruise  time  (as  specified  by  the  NDBS  DPO)  with  the  exception  of 
the  Gulf  of  Alaska  MDZ  where  the  12-buoy  ship  would  require  a  maximum  cruise  time 
of  about  24  days,  under  ideal  conditions,  t  In  all  Deep  Ocean  MDZs  the  problem  is  more 

*  Total  minimum  deployment  time  is  the  time  required  to  deploy  a  given  number 
of  buoys  in  a  given  region,  for  given  ship  characteristics  and  port-days  per  cruise, 
without  regard  to  bad  weather  or  other  adversities  (i.e,,  safety  factor  of  1.0).  In  actual 
practice,  total  deployment  time  might  be  10  to  30  per  cent  greater  them  the  (ideal)  total 
minimum  deployment  time. 

t  Actual  cruises  can  be  longer  than  22.5  days.  Applying  a  safety  : actor  of  4/3  to  an 
actual  allowed  cruise  time  of  30  days  results  in  desired  cruises  of  2a. 5  days  duration, 
under  ideal  conditions  (safety  factor  of  1.0). 
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Note 3:  ].  No.  Buoys  Deployed  -  500 

2.  Tiu.e-to-piant  -  24  hr 

3.  Safety  Factor  ■  1.0 

4  Port  Days/ Cruise  10 
5.  Ship  Speed  =  IS  kt 


Total 

Minimum 

Deployment 

Days 


Buoys 
in  MDZ 


56  r  |4SM  04  04  01 


Ship  Buoy-Carrying 
Capacity  \ 


Gf>  EC 


■  1 M  MC  .VC  GA 


N '  E  NPW  NA 


Coastal  North -America 


Dei*  p  <  V  c*an 


Modular  Deployment  /one 


Fig.  5-19  Total  mini  mum  deployment  days  tier  modular  deployment  zone 


|  Notes:  1.  No.  Buoys  Deployed 

500 

J  2.  Time-to-plant 

24  hr 

3.  Safety  Factor 

1.0 

4.  Ship  Speed 

18  kt 

5.  Port  Days /Cruise 

10 

Coastal  North  America  Deep  Ocean 


Modular  Deployment  Zones 


Fig.  5-21.  Longest  cruise  time  per  modular  deployment  zone. 
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crucial.  If  maximum  cruise  time  for  ideal  conditions  is  increased  to  30  days,  then 
number  of  buoys  carried  by  the  18  kt  ship  on  long  cmises  probably  should  not  exceed 
eight.  Of  course,  this  comment  is  dependent  upon  the  assumption  of  24  hours  time-to- 
plant  each  buoy  and  10  port  days  per  cruise. 

Since  maximum  deployment  time  in  CNA  MDZ*  does  not  appear  to  be  a  problem, 
concentration  of  interest  is  placed  on  DO  MDZs.  In  particular,  Fig.  5-22  shows  maxi¬ 
mum  cruise  time  for  the  18  kt  ship  carrying  4,  8,  and  12  buoys  in  the  North  Atlantic 
MDZ,  which  is  considered  to  be  a  typical  DO  MDZ.  Figure  5-22  makes  evident  the 
fact  that  maximum  cruise  time  will  be  of  the  order  of  at  least  35  days  (minimum)  for 
efforts  to  implant  24  or  more  buoys  throughout  the  North  Atlantic  MDZ.  Even  when  the 
number  of  buoys  In  the  North  Atlantic  MDZ  is  only  12  and  they  are  confined  primarily 
to  the  major  shipping  lane  between  the  U.S.  and  Europe,  minimum  cruise  time  will  be 
of  the  order  of  29  days.  (Of  course,  under  such  conditions  only  erne  cruise  would  be 
required  by  the  12-buoy  ship  to  deploy  all  12  North  Atlantic  MDZ  buoys). 

It  is  not  the  purpose  of  this  report  to  attempt  to  establish  policy  regarding 
maximum  tolerable  cruise  time.  That  is  a  function  of  ine  ■operating  agency  deploying 
(and/or  maintaining)  buoys  in  a  future  NDBS.  The  TEC  buoy  ueploymenf/maintenance 
mod*.’  does,  however,  provide  insight  as  to  the  potent 'al  capabilities  of  ship  speed  and 
buoy-carrying  capacity  combination0  applied  to  the  anticipated  deployment/ maintenance 
tasks  of  the  future  NDBS.  In  this  context,  then,  it  is  evident  that  cruises  of  long  dura¬ 
tion  will  likely  be  encountered  In  deploying  rmd/or  maintaining  data  buoys  in  DO  MDZs, 
or  it  will  require  many  cruises  involving  an  ill  numbers  of  buoys  each  cruise. 

As  a  final  point  to  be  made  in  this  section,  Fig.  5-23  shows  total  minimum 
deployment  time  required  to  deploy  all  CNA  buoys,  all  DO  buoys  and  combinations  of 
all  DO  and  CNA  buoys  for  all  seven  buoy  systems.  The  figure  Indicates  that  approxi¬ 
mately  1400  siup-days  would  be  required  (as  a  minimum)  to  deploy  the  500-buoy  base¬ 
line  system,  while  1045  ship-days  (minimum)  would  be  required  to  deploy  the  375-buoy 
system.  Other  times  are  commensurate  with  the  number  of  buoys  deployed.  All  these 
data  are  presented  in  Table  5-5,  which  shows  not  only  total  minimum  deployment  time 
by  buoy  systems,  but  also  minimum  average  deployment  time  per  buoy  and  the  maxi¬ 
mum  numbor  of  buoys  deployed  per  ship-ybar  for  each  of  the  seven  buoy  systems.  The 
last  column  of  5-5  shows  the  minimum  number  of  ships  required  to  deploy  each 
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Notes:  1. 

Time-to-plant 

=  24  hr 

O 

b  > 

Base  cost/sea  day 

-  £5, 000 

3. 

Safety  Factor 

-  1.0 

4. 

Port  days /cruise 

-  10 

5 

Ship  Speed 

-  18  kts 

375  250  50%  125  25%  60 


Minimum 
Deployment 
Time 
In  DO 

(thousands  of 
Ship -Days) 


Ship  Buoy -Carrying  Capacity 


Grand  Total 
Minimum 
Deployment 
Time 

(thousands  of 
Ship-Days) 


0.5  p*  12 


500  375  250  50%  125  25%  60 

^Ship  Buoy-Carrying  Capacity 


Total 


500  375  250  50%  125  25%  60 

Buoy  Systems 


Fig.  5-23.  Total  minimum  deployment  time  for  all  systems. 


of  the  seven  buoy  systems  in  one  vear.  It  must  be  held  in  mind  that  all  these  figures 
are  for  a  safety  factor  of  1.0,  24  hours  time-to-plant,  an^  10  port  days  per  cruise. 
Variation  in  any  of  these  influential  factors  will  change  the  data  presented  in  Table  5-5. 

5,8  Buoy  Hardware  Cost 

Buoy  hardware  costs  for  all  seven  buoy  systems  are  presented  in  this  subsection, 
primarily  as  an  illustration  of  the  capabilities  of  the  TRC  buoy  deployment/maintenanee 
computer  simulation  and  cost  model.  The  cost  figures  used  here  are  based  on  con¬ 
servatively  high  cost  estimates  provided  ov  the  ITSCG  NDBS  DPO  and  are  not  intended 
f or  financial  planning  purposes  of  long- range  significance . 

5  8  1  Depth  of  Mooring 

Total  buoy  cost  is  determined  in  part  by  the  cost  of  the  mooring  line,  which  for  a 
buoy  with  a  one-point  mooring  at  a  scope  of  1.0  is  equivalent  to  the  depth  of  water  in 
which  the  buoy  is  moored.*  Average  mooring  depth  by  MDZ  for  the  500-buoy  baseline 
system  is  shown  in  Fig.  5- 24a.  in  the  Gulf  of  Mexico  and  Grand  Banks  MD2fc,  average 
mooring  depth  is  between  5200  and  6000  feet.  In  the  other  fo  >r  CNA  MDZs,  average 
mooring  depth  is  between  9400  and  11.600  ft  Average  mooring  depth  in  the  three  DO 
MDZs  varies  from  11,300  to  13,200  ft. 

One  of  the  output  features  of  the  TRC  buoy  deployment /maintenance  simulation 
and  cost  model  is  the  total  length  of  mooring  required  for  all  buoys  deployed  in  a  given 
computer  run.  (A  computer  run  was  made  for  all  buoys  in  each  MDZ.  See  Appendix  A 
for  an  example.)  Figure  r— 24b  shows  total  length  of  mooring  required  In  each  of  the 
nine  MDZs.  The  gum  of  mooring  cable  required  for  all  MDZs  is  4,982,1  ^0  ft.  At  a  cost 
of  $1.75  per  ft  (dacron  cable  with  central  conductors),  the  investment  in  mooring  cable 
for  the  500-buoy  system  would  be  $8,730,000. 

The  average  mooring  depth  per  buoy,  considering  all  buoys  in  each  of  the  seven 
systems,  is  shown  in  Fig.  5-25;  it  is  seen  to  be  of  the  order  of  10,000  ft.  Baaed  on 
this  average  mooring  depth  per  buoy,  it  is  clear  that  the  total  length  of  mooring 

•It  is  recognized  that  a  taut-line  moor  usually  involves  a  scope  of  lest  than  1.0, 
due  to  the  elasticity  of  the  mooring  line.  This  fact  has  not  been  considered  here 
because  of  the  desire  to  maintain  a  one-to-one  equivalence  between  ocean  depth  and 
total  length  of  mooring  line  required.  Appropriate  conversion  factors  can  be  easily 
applied  for  scopes  other  than  1 .0.  Mooring  scope  is  an  input  to  the  buoy  deployment/ main¬ 
tenance  model  and  any  non-negative  value  of  scope  is  acceptable. 
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Average 
Mooring 
Depth 
(thou  sands 
of  ft) 


Total 

Length 

of 

Mooring 
(thousands 
of  ft) 


Notea:  1,  No.  Buoys  Deployed  =  500 

2.  Mooring  Grand  Total  -■  4,9.  2,000  ft 


a.  Average  Mooring  Depth 


b.  Total  Length  of  Mooring 


Coastal  North  America  Deep  Ocean 

Modular  Deployment  Zone 


Fig.  5-24.  Average  mooring  depth  and  total  length  of  mooring. 


Average 

Mooring 

Depth 

Per 

Buoy 

'thousands 
of  ft) 


Total 

Length 


of  Mooring 
(millions 


TABLE  5-5 

BUOY  SYSTEM  DEPLOYMENT  CHARACTERISTICS 


Buoy 

system 

Minimum  time 
to  deploy 
(ship  days) 

Average  time 
to  deploy  per 
buoy  (days) 

Max.  No.  of 
buoys  planted 
per  ship-year 

Min.  No.  of 
ships  to 
deploy  system 
in  1  year 

500 

(baseline) 

1400 

2.8 

120 

4.16 

375 

1045 

2.8 

120 

3.13 

250 

716 

2.88 

116.6 

2.14 

5  O', 

720 

2.88 

116.0 

2.15 

125 

363 

2.9 

115.5 

1.08 

£0  ■( 

374 

2.98 

112.2 

1.11 

60 

150 

3.5 

96 

0.623 

required  for  each  of  the  seven  data  buoy  systems  is  essentially  a  linear  function  of  the 
number  of  buoys  in  the  system  This  feature  is  also  illustrated  in  Fig.  5-25. 

5,8.2  Mooring-mounted  Oceanographic  Sensor  Packages 

Baaed  on  the  assumption  tha*  20  IAPSO  levels  {see  Table  5-6)  would  be  instru¬ 
mented  from  the  surface  through  5000  meters  depth,  the  average  number  of  oceano¬ 
graphic  sensor  packages  per  buoy  can  be  determined.*  This  information  is  another 
output  feature  of  the  TRC  buoy  deployment  /maintenance  model.  Figure  5- 28a  presents 
the  average  number  of  oceanographic  sensor  packages  per  buoy  in  the  nine  MDZs  for 
the  500-buoy  system.  Table  5-6  lists  the  IAPSO  levels  and  their  equivalent  depths. 
Figure  5- 26b  shows  the  total  number  of  oceanographic  sensor  packages  deployed  in 
each  MDZ  for  the  500-buov  system.  It  has  been  arbitrarily  chosen  to  deploy  a  sensor 
package  rear  the  bottom  of  the  mooring  cable,  if  the  distance  between  the  bottom  and 
the  first  IAPSO  level  above  Is  0.7  or  more  of  the  IAPSO  depth  increment.  In  no  case 


•The  selection  of  the  actual  number  and  location  of  mooring-mounted  oceanographic 
sensor  packages  has  vet  to  be  determined.  In  fact,  it  is  not  clear  at  this  time  that 
discretely  instrumented  points  are  necessarily  the  most  reliable  and  cost  effective 
method  of  ocean  data  collection.  Other  forms  of  sub-surface  data  collection  may  be 
worth  developing. 
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TABLE  5-0 

INTERNATIONAL  ASSOCIATION  OF  PHYSICAL  AND 
SCIENTIFIC  OCEANOGRAPHERS  STANDARD  OCEAN  DEPTHS 


Number 

Depth 

(Meters) 

( Feet) 

1 

, 

0 

0 

2 

10 

32.82 

3 

20 

65 .64 

4 

30 

98.46 

5 

50 

164.1 

6 

75 

246 

7 

100 

328.2 

P 

150 

493 

c. 

200 

656.4 

1 0 

300 

J84.6 

11 

400 

1,312 

12 

500 

1,641 

13 

600 

3,970 

14 

800 

2,624 

15 

1,000 

3,282 

16 

1,200 

3,940* 

17 

3,500 

4,930 

18 

2,000 

6,564 

19 

2,500 

8,210* 

20 

3,000 

9,846 

21 

4,000 

13,120 

22 

5,000 

16.410 

♦These  levels  have  been  omitted  in  this  study 
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GB  EC  GM  MC  WC  GA  NPE  NPW  NA 


b.  Total  Number  of  Oceanographic  Sensor  Packages 


GB  EC  GM  MC  WC  GA  NPE  NPW  NA 


Coastai  North  America  Deep  Ocean 


Fig.  5-26.  Oceanographic  sensor  packages, 
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have  more  than  20  instrument  packages  been  deployed  with  one  buoy.  Figure  5-26 
indicates  that  the  total  number  of  sensor  packages  required  for  the  500-buoy  system 
is  8,380.  At  a  cost  of  $7000  each,  this  represents  an  Investment  of  $58,702,000, 

Figure  5-27  shows  the  average  number  of  oceanographic  sensor  packages  per 
buoy  required  in  each  of  the  seven  buoy  systems.  With  the  exception  of  the  60-buoy 
system,  the  required  verage  number  of  oceanographic  sensor  packages  per  buoy  lies 
between  16  and  17.  Figure  5-27  also  Indicates  the  total  number  of  sensor  packages 
required  by  each  of  the  seven  data  buoy  systems.  Since  the  average  number  of 
oceanographic  sensor  packages  per  buoy  is  essentially  constant  at  about  1C  ,5  sensor 
packages  per  buoy,  It  is  apparent  that  the  total  number  of  oceanographic  sensor 
packages  is  linearly  dependent  on  the  number  of  buoys  in  the  system,  when  considering 
both  CNA  and  DO  deployments  of  more  than  100  data  buoys. 

Based  on  the  buoy  component  data  given  in  Table  3-4,  buoy  hardware  costs  have 
been  computed  for  all  buoys,  all  MDZs,and  each  of  the  seven  buoy  systems,  primarily 
to  provide  some  insight  into  the  usefulness  of  the  model,  once  cost  figures  become 
firm.  Figure  5-28  gives  buoy  hardware  costs  in  each  of  the  nine  MDZb  for  the  500- 
buoy  system.  Baseline  system  buoy  hardware  costs  per  MDZ range  from  approxi¬ 
mately  $12  million  to  $19  million.  Total  buoy  hardware  cost  for  all  500  buoys  is 
$146.4  million.  Average  buoy  hardware  costs  per  Modular  Deployment  Zone  are  shown 
in  Fig.  5-29.  MDZa  having  large  continental  shelf  regions  are  evident  (Grand  Banks 
and  Gulf  of  Mexico).  The  average  buoy  hardware  cost  for  all  buoys  In  the  baseline 
system  is  approximately  $292,000. 

Average  buoy  hardware  cost  for  all  buoys  In  each  of  the  seven  data  buoy  systems 
i3  shown  in  Fig,  5-30.  It  is  essentially  constant  at  a  value  of  approximately  $292,000, 
regardless  of  number  of  buoys  in  the  system.  Thus,  total  hardware  cost  is  a  linear 
function  of  the  number  of  buoys  in  the  system;  this  is  also  shown  in  Fig.  5-30. 
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Notes:  1.  Time-to- Plant  -  24  ir 

2.  Base  Cost/Sea  Day  -  $5,000 

3.  Safety  Factor  =  1.0 

4.  Port  Days/Cruise  =  10 


Average 
Number  of 
Oeano  graphic 
Sensor  Packages 


Total 

Number 

of 

Oceanographic 
Sensor 
Packages 
(thousands  of 
Packages) 


Fig.  5-27.  Oceanographic  sensor  packages  for  seven  data  buoy  systems. 


96 


Notes:  1.  No.  Buoys  Deployed  *  500 

2.  Data  for  8  Buoy  per  Ship  Capacity 

3.  Total  Hardware  Cost  =  $146.  4  M 


Buoy 

Hardware 

Costs 

;$m) 


24 


22 


20 


18 


16 


14 


12 


10 


56 


49 


64 


64 


Buoys  in 
MDZ- 


61 


56 


38 


64 


48 


GB  EC  GM  MC  WC  GA 
' - - - * 


NPE  NPW  NA 
V  — . . 


Coastal  North  America 


■ — v"~ . . . 

Deep  Ocean 


Modular  Deployment  Zone 

Fig.  5-28.  Buoy  hardware  cost  per  modular  deployment  zone  ~  baseline 
system. 
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Notes:  1.  Time- to-plar'  *  24  hr 

2.  Base  Cost/ sea  day  *  $5,000 

3.  Safety  factor  =  1. 0 

4.  Port  davs/c  raise  »  10 
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250 
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100 
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0 


500  375  250  50%  125  25%  60 


Buoy  Systems 


Fig.  5-30.  Buoy  hardware  cost  for  seven  data  buoy  systems. 
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6.  0  ANA  LYSIS  OF  PORT  LOCATION  ALTERNATIVES 
S.l  _  Introduction 

Costs  of  buoy  deploy  ments,  time  to  deploy  buoys,  and  cruise  distances  presented 
in  the  previo< s  section  are  all  dependent  in  part  on  the  location  of  the  port  from  which 
buoys  are  deployed.  AL  results  in  Section  5  are  based  on  deployments  from  three 
ports:  Portsmouth,  Virginia;  San  Francisco,  Cabfomia;  and  Honolulu.  Hawaii.  An 
obvious  question  immediately  arises  ‘‘Kow  much  could  be  saved  in  deployment  cost, 
what  reduction  could  be  achieved  in  cruise  distance,  and  how  much  time  could  be  saved 
per  cruise  if  deployment  in  ail  Modular  Deployment  Zones  took  place  from  a  port 
contiguous  to  the  Modular  Deployment  Zone?”  To  a  limited  degree,  a  partial  answer 
to  this  question  has  been  indicated  by  Fig.  5-9,  which  shows  lower  average  ship  operating 
costs  per  buoy  planted  for  East  Coast  and  West  Coast  MDZs,  in  comparison  to  the  other 
4  ON  A  MDZs.  Also,  It  was  made  abundantly  clear  in  Section  5  that  deployment  of 
buoys  in  the  North  Pacific  West  MDZ  from  the  port  of  Honolulu  represented  highest 
average  costs,  greatest  cruise  distances,  and  longest  cruise  time  at  sea  of  any  of  the 
MDZ  deployments  considered. 

To  develop  more  explicit  answers  to  the  question  above,  an  analysis  has  been 
undertaken  comparing  the  results  of  dtjployments  from  the  above  three  ports  with  a 
group  of  eight  ports.  The  ports  and  the  MDZs  they  serve  are  shewn  in  Table  6-1.  The 
relative  location  of  these  ports  is  shown  on  global  maps  in  Fig.  6-1. 


TABLE  6-1 

COMPARISON  OF  DEPLOYMENT  PORT  CONFIGURATIONS 


Region 

Modular  deployment  zone 

Deploy  ment  port 

8 -Port  config. 

3-Port  config. 

-  -  -  - 

Grand  Banks 

(GB) 

Boston,  Maaa. 

Portamouth,  Va. 

Coai  tel 

Eaat  Coeat 

(EC) 

Portsmouth,  Va. 

Portsmouth,  Va 

Gulf  of  Mexico 

(GM) 

Galveston,  Texa* 

Portamouth,  Va 

North 

Mexican  Coaat 

(MC) 

Sen  Diego,  Cal. 

San  Francisco,  Cal 

America 

Weat  Coaat 

(WC) 

San  Franciaco, 

Cal 

San  Franciaco,  Cal. 

Gulf  of  Alaaka 

(GA) 

Ketchikan,  Alaaka 

San  Franciaco.  Cal 

Northern 

North  Pacific  Eaat  (NPE) 

Honolulu,  Hawaii 

Honolulu,  Hawaii 

Hemi¬ 

sphere 

Deep 

Ocean* 


North  Pacific  E**i  (NPE) 
North  Pacific  Weat  (NPW) 
North  Atlantic  (NA) 


Honolulu,  Hawaii 
Guam 

Porta  mouth,  Va. 


Honolulu,  Hawaii 
Honolulu,  Hawaii 
Pertamouth,  Va 


6.2  Graphical  Comparison  of _Alte mative  Port  Location  Results 

To  develop  a  comparison  of  potential  savings  in  distance  and  time,  the  375 -buoy 
system  (75%  baseline)  has  been  used.  As  demonstrated  in  Section  5,  average  values 
are  essentially  independent  of  system  size  for  the  buoy  deployment  configurations 
considered  in  this  study.  The  375-buoy  system  was  chosen  for  this  study  because  of 
its  close  similarity  to  the  buoy-spacing  requirements  TRC  obtained  from  U.S.  Govern¬ 
ment  agencies  during  1968  l  3] .  Figure  6-2  shows  total  distance  traveled  to  deploy  the 
375-buoy  system.  The  graphical  presentation  is  in  three  parts,  delineating  CNA 
deployment.  Deep  Ocean  deployment,  and  total  deployment.  The  figure  makes  evident 
that  the  use  of  eight  ports  provides  a  reduction  in  total  distance  traveled  to  deploy  ail 
375  buoys  ranging  from  83.00C  n  mi  for  a  4-buoy  ship  to  about  27,000  n  mi  for  a 
12-buoy  ship.  Figure  6-3  shows  average  distances  traveled  per  buoy  deployed  in  the 
CNA,  DO,  and  combined  regions.  The  figure  indicates  for  the  12-buoy  ship  an  average 
reduction  of  63  n  mi  per  buoy  for  all  CNA  MDZs  and  an  average  reduction  of  95  n  mi 
per  buoy  for  the  three  DO  MDZs,  when  the  number  of  deployment  ports  is  raised  from 
three  to  eight.  Greater  reductions  of  average  distance  traveled  are  achieved  for  the 
8-buoy  and  4-buoy  ships,  but  the  average  distances  themselves  are  greater  than  for 
the  12-buoy  ship.  For  deployment  of  all  375  buoys,  the  average  reduction  in  distance 
traveled  per  buoy  planted  ranges  from  220  n  mi  per  buoy  for  the  4-buqy  ship  to  72 
n  mi  per  buoy  for  the  12-buoy  ship. 

Figure  6-4  shows  total  deployment  time  (i.e.,  port-time  plus  sea-time)  to  deploy 
275  CNA  buoys,  100  DO  buoys,  and  the  total  375  buoys.  Savings  of  total  deployment 
time  in  all  CNA  regions  combined  range  from  12,'  days  for  the  4-buoy  ship  to  19  days 
for  the  12-buoy  ship.  For  all  DO  MDZs,  combined  savings  in  time  range  from  183  days 
for  the  4-buqy  ship  to  41  days  for  the  12-buoy  ship.  Figure  6-5  shows  average  deploy¬ 
ment  time  per  buoy  planted  for  all  CNA  MDZs,  all  DO  MDZs,  and  for  all  375  buoys. 
Savings  in  average  deployment  time  per  buoy  planted  for  the  12-ouoy  ship  are  of  the 
order  cf  0.07  days  per  buoy  for  CNA  buoys  and  0.22  days  per  buoy  for  DO  buoys  with 
a  resulting  average  for  all  buoys  of  0.11  days  saved  per  buoy  planted.  For  the  12-buoy 
ship,  this  represents  a  savings  of  approximately  4%  in  total  time  to  deploy  all  375 
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Distance 
Traveled 
(thousands 
of  n  mi) 


Notes:  1.  Time-to- Plant,  =  24  hr 

2.  Base  Cost/Sea  Day  =  $5,000 

3.  Safety  Factor  -  1.0 

4.  Port  Days /Cruise  =  10 

5.  Ship  Speed  18  kt 


1.  0 

T  otal 

Deployment 

0.  5 

Time 

(thousands 

of  ship-days) 

0 

Ports 


CNA:  275  Buoys 


Ports 


DO:  100  Buoys 


Porks 


TOTAL:  375  Buoys 


Ship  Buoy-Carrying  Capacity 

Fig.  6-4.  Total  deployment  time. 
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1, 
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-  24  hr 

2. 

Base  Cost/Sea  Day 

=  «5,000 

3. 

Safety  Factor 

=  1.0 

4. 

Port  Da ys/Cruise 

-  1C 

5. 

Ship  Speed 

18  ft 

Ports 


CNA;  275  Buoys 


Average 
Depl  oy  merit 
Time 
Per  Buoy 
Planted 
(8  hip-day s) 


f~ 


Ports 


DO:  100  Buoys 


Po  rts 


TOTAL:  375  Buoys 


5  L  8 


Ship  Buoy-Carrying  Capacity 
Fig.  6-5.  Average  deploy  ment  time. 


buoys.  (For  the  4-buoy  ship,  the  total  saving  of  0.49  days  per  buoy  planted  represents 
;i  savings  of  approximately  10%.)* 

Ship  operating  deployment  cost  is  in  part  a  function  of  distance  traveled  to 
deploy  buoys  and  also  in  part  a  function  of  time  required  to  deploy  buoy ...  Ship  operat¬ 
ing  deployment  cost  for  deploying  275  CNA  buoys,  100  DO  buoys  and  375  total  buoys 
from  three  or  eight  ports  is  shown  in  Fig.  6-6  as  a  function  of  ship  buo;  carrying 
capacity.  Savings  in  cost  due  to  use  of  the  8-port  configuration  for  deployment  of  CNA 
buoys  range  from  $914,000  for  the  4-buoy  ship  to  $234,000  for  the  J2-buoy  ship.  For 
the  combined  DO  MDZs,  comparable  savings  range  from  $430,000  for  the  4-buoy  ship 
to  $190,000  for  the  12-buoy  ship.  For  all  MDZs,  combined  savings  from  using  the  8-port 
contiguration  range  from  $1,344,000  to  $422,000  in  going  from  a  4-bucv  to  a  12-buoy 
ship 

Average  ship  operating  cost  per  buoy  planted  is  shown  for  CNA,  DO  and  total 
northern  hemisphere  regions  in  Fig.  6-7.  Savings  in  cost  per  buoy  planted  in  the  CNA 
region  range  from  $3300  to  $900  for  4-buoy  and  12-buoy  ships,  respecti vcly;  comparable 
savings  of  $4300  to  $1900  are  shown  for  the  combined  DO  MDZs  For  ail  375  buoys 
deployed,  savings  in  ship  operating  cost  per  buoy  planted  from  use  of  8  ports  rather 
than  3  ports,  vary  from  $3600  for  the  4 -buoy  ship  to  $1130  for  the  12-buuy  ship. 

It  is  of  interest  to  identify  the  MDZs  in  which  greatest  savings  in  average  ship 
operating  cost  per  buoy  planted,  distance  per  buoy  planted,  and  time  per  buoy  planted 
are  most  significant.  Comparison  by  MDZs  of  average  ship  operating  cost  per  buoy 
planted  is  shown  in  Fig.  6-8.  As  expected,  average  cost  per  buoy  planted  is  essentially 
unchanged  for  the  East  Coast,  West  Coast,  North  Pacific  East  and  North  Atlantic 


♦The  reader  must  bear  in  mind  that  all  these  values  are  based  on  a  safety  factor 
of  1.0,  meaning  that  deployment  time  consists  of  the  sum  of  time-to-plant  each  buoy, 
travel  time  at  the  stated  average  speed,  and  port  time  (at  the  rate  of  10  days  per 
cruise).  Obviously,  a  safety  factor  of  1.0  allows  for  no  time  lost  due  to  bad  weather 
or  other  contigencies .  Thus,  actual  time  incurred  in  deployment  might  b<  about 
10  to  30  percent  greater  than  the  values  cited  (safety  factor  of  1.1  to  1.3) 
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Notes:  JL  Time -to -plant  =  24  hr 

2.  Base  cost/ sea  day  =  $5000 

3.  Safety  factor  =  1.  0 

4.  Port  days/cruise  =  10 

5  Ship  Speed  -  18  kt 


Ports 


J _ >  - . . -  „j 

4  8  12 


Fig.  6-6.  Ship 
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Total:  375  Buoys 
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Fig.  6-7.  Average  a  hip -ope  rating  deployment  cost  per  buoy  planed. 
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Fig.  6-8.  Average  ship  operating  ooet  per  buoy  planted. 


no 


MDZs.*  The  greatest  improvement  in  average  ship  operating  cost  per  buoy  planted 
occurs  as  also  expected  in  the  North  Pacific  West  MDZ.  For  the  12-buoy  ship  operat¬ 
ing  from  Guam,  that  improvement  is  $3600,  whereas  savings  in  average  cost  for  all 
375  buoys  deployed  was  only  $1130.  If  an  8-buoy  ship  is  used  for  deployment  from 
Guam  in  the  NPW  MDZ,  average  ship  operating  cost  per  buoy  deployed  lowers  from 
$31,700  to  $26,500.**  Greatest  percentage  of  saving,  of  course,  is  indicated  for  the 
4-buoy  ship,  where  the  average  cost  per  buoy  planted  drops  from  $49,500  to  $35,000: 
i.e.,  a  reduction  of  $14,500  per  buqy  and  p.  savings  of  41.5%.  The  difference  in  average 
cost  per  buoy  planted  in  going  from  the  4-buoy  ship  to  the  12-buoy  ship,  both  operating 
out  of  Guam,  is  $11,500. 

As  an  extreme  case  to  illustrate  the  effect  of  properly  choosing  port  and  ship 
buoy -carrying  capacity,  a  saving  of  $25,500  per  buoy  deployed  is  indicated  by  comparing 
a  4 -buoy  ship  deploying  buoys  from  Honolulu  to  the  NPW  MDZ  with  a  12-buoy  ship 
operating  out  of  Guam  for  the  same  deployment. 

The  Mexican  Coast  MDZ  represents  another  MDZ  in  which  high  savings  might 
be  achieved.  Here,  San  Diego  rather  than  San  Francisco  has  been  used  as  the  port  of 
deployment.  Average  cost  per  buoy  planted  using  the  12-buoy  ship,  drops  from  $17,800 
to  $15,000,  an  average  saving  of  $2800  per  buoy. 

In  the  Grand  Banks  and  Gulf  of  Mexico  MDZs,  use  of  the  8-port  configuration 
indicates  that  average  savings  per  buoy  planted,  using  a  12-buoy  ship,  would  be  $500 
and  $1200  respectively,  In  the  remaining  4  MDZs  (EC,  WC,  NPE,  and  NA),  no  substan¬ 
tial  savings  are  found,  because  these  MDZs  are  all  served  by  the  same  ports  that  are 
used  in  the  3-port  configuration. 

♦The  interested  reader  will  wonder  why  there  are  small  differences  in  average 
cost  to  plant  for  the  8-port  and  3-port  doplcymeate  for  the  EC,  WC,  NPE,  and  NA 
MDZs.  These  differences  stem  from  somewhat  different  cruise  strategies  being 
employed  and  a  slightly  different  total  number  of  buoy*  deployed,  in  the  ease  of  1C,  WC, 
and  NPE  MDZs.  While  the  basic  pldlueaphy  of  cruise  deployment  was  the  same  in  all 
cates,  the  actual  sequence  of  buoys  to  be  deployed  was  established  tmtep?Bden Uyfoy 
two  individuals  at  TRC.  There  was  some  interest  in  determining  which  person  would 
produce  the  lowest  cost  deployments  in  these  three  MDZs.  It  is  apparent  that  the  vari¬ 
ation  in  results  is  extremely  small,  thus  damoestrattng  the  efficiency  of  the  general 
deployment  strategy  and  statements  elsewhere  in  tMe  report  that  many  different 
approaches  to  deployment  scheduling  are  approximately  equivalent. 

*  ♦Comparable  figures  for  the  12-buoy  ship  are  $27,800  to  $24,000. 


Many  of  the  comments  presented  above  are  summarized  in  Fig.  6-9,  which 
shows  the  reduction  in  total  distance  traveled  and  average  distance  traveled  per  buoy 
planted,  and  the  reduction  in  total  deployment  time  and  average  deployment  time  per 
buoy  planted,  and  the  reduction  in  total  cost  to  deploy  375  buoys  and  the  reduction  in 
average  cost  per  buoy  p’  a  ted.  The  numerical  details  of  the  curve  shown  in  Fig.  6-9 
have  been  tabulated  for  'esiy  reference  in  Table  6-2. 


TABLE  6-2 

IMPROVEMENT  IN  375-BUOY  SYSTEM  DEPLOYMENT  CHARACTERISTICS: 

8-PORT  VS  3-PORT 


Ship  buoy- 
ca  rrying 
capacity 

Reduction  in  dis¬ 
tance  traveled 
(n  mi) 

Reduction  in  min. 
time  to  deploy 
(ship-days) 

Reduction  in  deploy¬ 
ment  cost  ($K) 

Total 

Avg/buoy 

Total 

Avg/bucy 

Total 

Avg/buoy 

4 

82,652 

220 

183.1 

0.49 

1,344 

3.58 

8 

39, Jll 

104 

77.4 

0.21 

667 

1.78 

12 

26,867 

72 

40.8 

0.11 

422 

1.13 

Notes:  1,  Time-to-plar.t  =  24  hr 

2.  Base  cost/sea  day  ~  $5000 

3.  Safety  factor  =1.0 

4.  Port  days/crolse  =  10 

5.  Total  buoys  deployed  =  375 

6.  Ship  speed  -  18  kt 


6.3  Limitations  on  the  8-Port  Vs  3-Port  Buoy  Deployment  Analysis 

The  above  results  have  been  based  on  a  simple  analysis  involving  distance 
traveled,  time  at  sea  and  time  in  port,  base  cost  per  sea-day,  and  fuel  and  ship  main¬ 
tenance  costs.  The  savings  presented  are  contingent  on  the  meaniagfulnesa  of  coot 
values  used,  and  the  acceptability  of  the  safety  factor,  ship  speed,  and  port  time  assump 
turns.  Prorated  ship  construction  costs  have  not  been  included  (had  they  been  included, 
all  coots  would  have  been  higher  and  the  savings  would  have  been  proportionately 
greater  because  the  use  of  8  ports  reduces  total  time  to  plant  and  distance  traveled, 
both  of  which  impact  directly  on  the  amount  of  prorated  ship  costs  that  would  be 
allocated  to  the  average  oost  per  buoy  planted).  No  attempt  has  been  made  to  incorpo¬ 
rate  transportation  costs  of  moving  buoys  from  depots  or  manufacturing  sites  to 
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Notes:  1. 

Time-to-plaat  =  24  hr 

2. 

Base  cost/sea  day  =  $5000 

3. 

Safety  factor  =1.0 

4. 

Port  days/crulse  =  10 

5. 

Total  Buoys  Deployed  =  375 

6. 

Ship  Speed  =  18  kt 

Reduction 
ftii'iue&nds 
of  n  mi) 


Ship  Buoy -Carrying  Capacity 


PI*.  6-9.  Aoduotioc  In  deployment  characteristics: 


% 

8-port  vs  3-port. 
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deployment  ports.  Nor  has  any  attempt  been  made  to  Include  costs  of  additional  dock- 
side  facilities  or  on-shore  facilities  for  crews. 

6.4  Conclusions 

It  should  be  apparent  that  the  8-port  vs  3-port  analysis  in  this  section  has 
delineated  an  upper  bound  on  possible  savings  and  that  additional  costs  such  as  those 
outlined  in  the  paragraph  above  will  detract  from  the  possible  savings  previously 
presented. 

The  analysis  has  provided,  however,  a  basis  for  preliminary  judgment  that  deploy¬ 
ment  of  buoys  in  the  North  Pacific  West  and  the  Mexican  Coast  MDZs  should  most 
probably  take  place  from  ports  such  as  Guam  and  San  Diego  respectively.* 

A  more  thorough  analysis  must  be  made  to  show  that  apparent  marginal  savings 
would  justify  use  of  Ketchikan,  Galveston, and  Boston  for  deployment  of  buoys  in  the 
Gulf  of  Alaska,  the  Gulf  of  Mexico,  and  the  Grand  Banks  MDZs,  respectively. 

In  summary,  a  preliminary  judgment  that  might  be  derived  from  this  analysis  is 
the  following.  A  5-port  rather  than  a  3-port  buoy  deployment  (and  maintenance)  con¬ 
figuration  appears  to  be  reasonable  for  a  nine  MDZ  northern  hemisphere  data  buoy 
system.  However,  if  the  number  of  buoy,  to  be  deployed  by  the  U.S.  in  the  North  Pacific 
West  and  Mexican  Coast  MDZs  is  minimal  In  comparison  to  deployments  in  the  other 
seven  northern  hemisphere  MDZs,  then  the  3-pcrt  deployment  configuration  (Portsmouth, 
San  Francisco,  and  Honolulu)  appears  to  be  cost  effective,  unless  more  detailed  analytes 
show  that  other  potential  costa  associated  with  deploying  out  of  other  ports  are  quite 
small. 

The  savings  that  might  be  accrued  from  using  8,  rather  than  3,  deployment  ports 
stem  in  part  from  reduced  fuel  coets  due  to  lest  distance  traveled.  Table  6-3  shows  the 
distance  traveled  and  fuel  coats  for  on  8-buoy,  15  kt  ship  ($3.68/n  mi)  and  a  12-buoy, 

18  kt  ship  ($7.01/n  mi),  for  the  3-port  and  8-port  deployment  configurations.  Also 
given  in  Table  6-3  are  the  savings  In  the  CNA,  DO,  and  combined  CNA  ami  DO  regions, 
along  with  the  savings  per  buoy  planted  for  all  conditions.  In  brief,  for  tbs  8-buoy, 

16  kt  ship,  total  fuel  coats  are  9682,000  for  3-port  deployment  and  $648,000  for  the 


♦Further  savings  might  be  accrued  by  deploying  from  a  Mexican  port. 


8-port  case;  the  saving  is  $144,000,  or  $384  saved  per  buoy  planted.  For  the  12-buoy, 
18  kt  ship,  total  fuei  costs  are  $1,046,000  and  $858,000  for  3-port  and  8-port  deploy¬ 
ment,  respectively.  Savings  from  using  8  ports  would  be  $188,000  or  $503  saved  per 
buoy. 


TABLE  6-3 

FUEL  COSTS  AND  SAVINGS  (375-BUOY  SYSTEM) 


Fuel  cost 
<$K) 


12-bdby 
ship: 
18  kt 


Ship  buoy- 

Distance 

Region 

carrying 

traveled 

capacity 

(n  mi) 

Fuel  cost 

Fuel  cost 

savings 

savings 

per  buoy 

<$K) 

planted 

($) 

3-port: 


CNA 

8 

94,339 

347.2 

12 

71,196 

499.1 

DO 

8 

93,664 

344.7 

12 

78,066 

547.2 

Total 

8 

188,003 

691.9 

12 

149,262 

1,046.3 

8 -port: 


CNA 

8 

12 

DO 

8 

12 

Total 

8 

12 

82,041 

68,616 

148,892 

122,395 


246.0 

101.2 

368 

377.0 

122.1 

445 

301.9 

42.8 

428 

481.0 

66.2 

662 

547  1 

144.0 

384 

858.0 

188.3 

503 

7.0  ANALYSIS  OF  TIME-IN-PORT  ALTERNATIVES 


The  number  of  days  that  buoy  de;  ^oyment /maintenance  ships  spend  in  port  follow¬ 
ing  each  cruise  must  be  treated  as  a  variable  at  the  time  of  this  study.  The  NDBS 
DPO  has  specified  port  day  ship  operating  costs  at  0.94  of  base  cost  per  sea  day.  Thus, 
all  ship  operating  costs,  except  fuel  costs,  are  essentially  the  same  when  in  port  or  at 
sea.  Selecting  port  days  per  cruise  is  tantamount  to  defining  a  buoy  deployment/main- 
tenance  policy.  For  example,  if  port  days  per  cruise  are  set  at  5,  then  it  would  be 
necessary  to  provide  for  a  2-crew  mode  of  operation;  and  a  port  and  sea  routine  for 
’’Blue"  and  "White"  crews  would  have  to  be  established.  Conversely,  if  port  days  per 
cruise  are  set  at  20,  then  it  is  apparent  that  for  many  deployment  cruises,  the  number 
of  days  spent  in  port  may  exceed  the  number  of  days  at  sea,  and  the  queotion  of  crew 
tasks  in  port  must  be  considered.  With  10  port  days  per  cruise,  it  is  likely  that  ship 
loading  and  crew  rest  and  training  will  occupy  most  of  the  port  time.  All  analyses 
presented  in  this  report  up  to  this  point  have  used  a  factor  of  10  port  days  per  cruise. 

(A  simple  algortihm  varying  port  days  between  4  and  10  has  been  used  for  ships  depart¬ 
ing  port  with  less  than  a  full  buoy  load.) 

This  section  presents  in  considerable  detail  the  time  to  deploy  buoys,  cost  to 
deploy  buoys,  and  tike  average  number  of  buoys  planted  per  ship-year  for  time  in  port 
per  cruise  factors  of  20  days,  10  days  and  5  days.  The  analysis  has  been  based  on  the 
375-buov  system  (75  percent  of  baseline).  Data  and  recults  have  been  obtained  for 
both  3-port  and  8-port  deployments  (l.e.,  the  same  port  configurations  that  were  used 
in  the  previous  section).  The  reader  is  reminded  that  throughout  this  section  and  this 
report,  a  safety  factor  of  1.0  hits  been  used,  thus  giving  minimum  possible  costs  to 
accomplish  deployment,  minimum  possible  time  to  accomplish  cruise  deployment 
schedules,  etc.  In  actual  practice,  it  may  be  necessary  to  allow  for  up  to  one-third 
more  time  at  sea  (to  account  for  bad  weather  and  other  uncertainties)  than  would  be 
needed  to  carry  out  deployment  (or  maintenance)  under  Ideal  conditions, 

7.1  Five.  Ten  and  Twenty  Days  Port  Time  Per  Cruise:  The  3-Port  Deployment 

Figure  7-1  shows  total  time  to  dsploy  buoys  in  the  six  CNA  MDZs,  the  three 
northern  hemisphere  DO  MDZs,  and  the  time  to  deploy  all  buoys  in  the  combined  CNA 
and  DO  rsglons.  In  the  CNA  region,  with  s  12-buoy  ship,  27S  buoys  enn  be  deployed 
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Time  to 
deploy  all 
CNA  buoys 
(hundreds  of 
ship-days) 


Time  to 
deploy  all 
DO  buoys 
(hundreds  of 
ship-days) 


Time  to 
deploy 
375  buoys 
(hundreds  of 
ship-days) 


Notes:  (1)  Time-to-plant  24  hr 

(2)  Safety  factor  1.0 

(3)  Ship  speed  IP  kt 


Ship  buoy-carrying  capacity 


CNA:  275  buoys 


DO:  100  buoys 


Toft! :  373  buoys 


Fig.  7-1.  Time  to  Deploy  Buoys  (3-Port  Deployment) 


within  a  span  of  approximately  500  to  1,000  ship-days,  for  port  days  per  cruise  ranging 
from  5  to  20.  Total  time  to  deploy  is  commensurately  longer  for  8-buoy  and  4-buoy 
ships.  In  the  DO  region,  100  buoys  can  be  deployed  in  approximately  300  to  500  ship- 
days;  again,  for  port  days  per  cruise  in  the  range  of  5  to  20.  When  both  regions  are 
combined,  Fig.  7-1  indicates  that  total  deployment  time  using  5  port  days  per  cruise 
is  about  885  ship-days;  it  is  1,045  ship-days  v  ilh  10  port  days  per  cruise;  and  it  is 
1 ,363  ship-days  using  20  port  day*;  per  cruise.  With  10  port  days  per  ciuise  as  a  base, 
the  5  port  days  condition  produces  a  15  percent  reduction  in  deployment  time  and  the 
20-day  condition  produces  a  30  percent  increase  in  time  for  deployment.  (The  above 
values  are  all  based  on  the  following  conditions:  Ship  buoy-carrying  capacity  of  12, 
time-to-  plant  of  24  hours,  safety  factor  of  1.0,  and  average  ship  speed  of  18  kt.) 

Figure  7-2  shows  the  average  deployment  times  in  the  CNA,  DO  and  northern  hemi¬ 
sphere  regions  commensurate  with  the  previous  total  times  to  deploy  given  in  Fig.  7-1. 
In  general,  for  the  12-buoy  ship  operating  at  18  kt,  average  time  per  buoy  deployed  is 
between  approximately  2.5  and  5  days. 

The  cost  to  deploy  buoys  in  the  CNA,  DO  and  combined  CNA  and  DO  regions  is 
shown  in  Fig.  7-3.  For  the  10  port  days  per  cruise  and  12-buoy  ship  condition,  total 
cost  of  deployment  is  approximately  $6.8  million,  resulting  from  approximately 
$4.2  million  required  for  CNA  and  $2.6  million  required  for  DO.  Shifting  to  5  port 
days  per  cruise,  and  holding  other  factors  the  same,  results  in  a  reduction  in  total 
cost  to  $5.95  million,  and  savings  of  $840,000  (12  percent).  Using  20  port  days  por 
cruise  increases  cost  to  $8.46  million  for  total  deployment,  an  increase  of  more  than 
$1 .6  million  (25  percent).  Figure  7-4  presents  average  coat  per  buoy  planted,  based 
on  the  costs  presented  in  Fig.  7-3.  For  the  12-buoy  ship  and  5  port  days  per  cruise, 
average  cost  to  plant  all  375  buoys  can  be  as  low  as  $35,900  per  buoy,  for  10  port  days 
per  cruise  It  would  be  approximately  $15400  per  buoy;  and  for  20  port  days  per  cruise 
average  coat  would  rise  to  $22,600  per  buoy  planted.  Theaa  values  assumed  $5,000  bssr 
cost  per  sea  day  and  the  other  conditions  noted  above.  Explicit  values  of  average  ship 
operations  cost  per  buoy  piloted  are  given  In  Tab! -5  7-1 . 

7.2  Five.  Ten  and  Twenty  Devs  Fort  Time  Per  Cruise:  The  8-Port  Deployment 

Figure  7-5  shows  the  total  time  to  deploy  275  CNA  buoys,  100  Deep  Ocean  buoys, 
and  a  total  of  375  buoys  for  the  combined  CNA  end  DO  regions.  Wham  compered  to  the 
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Fig.  7-3.  Average  Deployment  Time  Par  Buoy  Planted  (3-Port  Deployment) 
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Fig.  7-3.  Cost  to  Deploy  Buoys  (3-Port  Deployment) 
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Fig.  7-4.  Average  Cost  Per  Buoy  Planted  (3-Port  Deployment) 
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Fig.  7-5.  Time  to  Deploy  Buoys  (8  -Port  Deployment) 


10  port  day  results,  it  is  apparent  that  reducing  port  days  to  5  per  cruise  also  reduces 
total  time  to  deploy  in  all  ranges  approximately  16  percent,  i.e.,  whereas  it  takes  1,000 
ship-days  to  deploy  all  375  buoys  with  10  port  days  per  cruise,  there  is  a  reduction  to 
840  ship-days  for  5  port  days  per  cruise.  (These  figures  hold  for  a  time-to-plant  of 
24  hours,  a  safety  factor  of  1.0,  and  an  average  ship  speed  of  18  kt.)  This  16  percent 
improvement  is  only  slightly  better  than  the  15  percent  improvement  noted  for  the 
3-port  deployment. 

Comparing  the  20  port  days  per  cruise  to  the  10  port  days  per  cruise,  it  is  seen 
that  the  total  time  to  deploy  increases  by  approximately  30  to  50  percent.  Thus,  while 
the  12 -buoy  ship  requires  1,000  ship-days  for  total  deployment  based  on  10  port  days 
per  cruise,  the  same  ship  would  require  more  than  1,300  days,  using  20  port  days  per 
cruise.  A  4-buoy  ship  under  similar  conditions  would  require  1350, 1800,  and  2800 
ship-days  for  deployment  for  port  days  per  cruise  of  5, 10,  and  20,  respectively,  as 
seen  from  Fig.  7-5. 

Figure  7-6  gives  average  deployment  time  per  buoy  planted  based  on  the  total 
times  to  deploy  shown  in  Fig.  7-5.  Average  time  to  deploy  all  375  buoys  from  a  12- 
buoy  ship  varies  from  2.24  days  per  buoy  planted  using  5  port  days  per  cruise,  to 
2.68  days  per  buoy  planted  for  10  por*  days  per  cruise,  and  3.54  days  per  buoy  planted  for 
for  20  port  days  per  cruise.  Using  10  port  days  per  cruise  as  a  reference,  there  is  a 
reduction  of  16.4  percent  in  going  to  the  5  port  day  per  cruise  condition,  and  &  31.3 
percent  increase  when  using  the  20  port  days  per  cruise  condition.  These  figures  apply 
to  the  12-buoy  ship,  a  safety  factor  of  1.0.  24  hours  time-to-plant,  and  an  average  ship 
speed  of  18  kt. 

Figure  7-7  shows  cost  to  deploy  in  CNA,  DO,  and  all  375  buoys,  using  a  base  cost 
per  sea-day  of  $5,000.  Cost  to  plant  all  375  buoys  for  the  10  port  days  per  cruise  is 
approximately  $6.4  million.  (It  was  $6.8  million  for  the  3 -port  deployment.)  Use  of 
5  port  days  per  cruise  results  in  a  savings  of  approximately  $840,000,  and  use  of  20 
port  days  per  cruise  increases  deployment  costs  by  $1 ,730,000.  The  decrease  is  about 
13  percent  and  die  increase  is  about  26  percent.  Figure  7-8  gives  average  cost  per  buoy 
planted  for  the  total  costs  shown  in  Fig.  7-7.  Explicit  values  of  average  cost  are  found 
in  Table  7-1.  It  is  seen  that  for  the  12-buoy  ship  and  combined  CNA  and  DO  regions, 
the  average  ship-operating  cost  per  buoy  planted  ranges  from  $14,700  to  $21,600,  for 
5  and  20  port  days  per  cruise,  respectively. 
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Fig.  7-6.  Average  Deployment  Time  Per  Buoy  Planted  (8 -Port  Deployment) 
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15 

Cost  to  deploy 

10 

all  C  NA  buoys 

($  M) 

5 

Max  port  days/cruise 


CNA:  275  buoys 


Cost  to  deploy 
all  DO  buovs 
($  M) 


DO:  100  buoys 


Total  coat 
to  deploy 
375  buoys 
<$  M) 


Total:  375  buoy* 


Ship  buoy-carrying  capacity 

Fig.  7-7.  Coat  to  Deploy  Buoya  (8-Port  Deployment) 
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Fig.  7-8.  Average  Coat  Par  Buoy  Planted  (8-Port  Deployment) 


7.3  Detailed  Port -days  Analysis  for  the  Twelve-buoy  Ship 

The  preceding  3-port  and  8 -port  analyses  make  clear  the  advantage  of  using  the 
12-buoy,  18  kt  ship.  A  more  detailed  comparison  of  the  results  of  varying  port  days 
per  cruise  is  shown  in  Figs.  7-9  through  7-12.  Both  3-port  and  8-port  data  have  been 
plotted. 

Figure  7-9  shows  the  comparison  of  time  to  deploy  buoys  in  the  CNA,  DO  and 
combined  CNA  and  DO  regions.  Deployment  time  in  CNA  ranges  from  approximately 
560  to  910  days  for  the  3-port  case,  od  530  to  890  days  for  the  8-port  case,  for  5  and 
20  port  days  per  cruise,  respectively.  The  corresponding  intermediate  10  port  day 
values  are  675  and  656  days.  For  the  DO  region,  the  deployment  times  for  5, 10,  and 
20  port  days  are  326,  371  and  454  for  the  3-port  configuration;  and  311,  349  and  439 
for  the  8 -port  configuration.  The  summation  of  deployment  times  gives  886, 1,045  and 
1,363  days  for  the  3-port  case;  and  840, 1,004  and  1,328  days  for  the  8-port  case.  The 
purpose  in  delineating  the  data  plotted  in  Fig.  7-9  is  to  emphasize  the  lower  bound  on 
the  time  required  (ship-days)  to  effect  deployment  of  the  375-buoy  system. 

Assuming  335  operating  days  per  ship,  for  the  12  buoy,  18  kt  ship,  the  total 
deployment  could  be  carried  out  by  three  ships  in  one  year  under  the  3-port,  5-port 
days  per  cruise  condition  with  a  safety  factor  of  1.14  (t.e.,  1,004/888).  Using  3  ships 
and  the  8 -port,  10-port  days  per  cruise  condition,  the  entire  deployment  could  be 
carried  out  with  a  safety  factor  of  1 .0.  Of  course,  it  must  be  held  in  mind  that  under 
the  conditions  specified,  the  three  ships  would  spend  a  total  of  375  days  in  planting  the 
buoys  and  they  would  accumulate  a  total  of  about  330  to  360  days  in  port.  Thus,  on  the 
average,  each  of  the  three  ships  would  be  traveling  to  and  from  port  and  buoy  locations 
and  from  buoy  location  to  buoy  location  less  than  one-third  of  die  time.  If  30  port  days 
per  cruise  becomes  the  standard  mode  of  operation,  it  is  evident  that  it  would  take  four 
shipe  to  carry  out  deployment  in  one  year.* 

•ft  has  been  noted  elsewhere  that  with  on-board  refurbishment  of  buoys.  It  Is  quite 
possible  that  more  than  13  buoys  oould  be  maintained  on  a  cruise.  Thus,  deployment 
might  be  made  from  8  ports  to  get  the  task  done  as  quickly  as  possible,  and  maintenance 
might  take  place  from  as  tew  as  3  to  as  many  as  6  ports.  Here  are  many  potentially 
economical  combinations  of  porta,  cruise  schedules,  and  port  days  per  cruise  that  might 
show  that  three  ships  could  satisfactorily  handle  the  entire  376-buoy  system.  It  Is 
quite  clear,  however,  that  375  buoys  is  approximately  the  upper  Umit  for  accomplishing 
deployment  in  one  year  by  three  IS -buoy,  18  kt  ships. 
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Fig.  7-12.  Average  Cost  Per  Buoy  Planted  (12-Buoy  Ship) 


Figure  <-10  gives  average  time  to  plaiit  each  bu*'v  for  CNA,  DO  and  the  combined 
CNA  and  DO  regions.  For  the  3-port  condition,  In  CNA  the  values  are  approximately 
2.04  ,  2.45  and  3.3  daj^  for  5,  10  and  20  port  day»  per  cruise.  In  DO,  the  corresponding 
average  time*  are  3.25,  3.7  and  4.5.  For  the  combination  of  CNA  and  DO  regions,  the 
val”es  are  2.36,  2.8  and  3.63  days.  Use  of  the  8-port  condition  gives  only  minor 
improvements:  1  93,  2.38  and  3.23  days  in  CNA;  3.1, 3.5  and  4.4  days  in  DO;  and  2.24, 
2.68  and  3.54  days  for  the  combined  regions.  Again,  the  numerical  values  associated 
with  the  plotted  curves  are  presented  to  stress  the  minor  overall  improvement  in  going 
from  the  3-port  to  8-port  configuration,  and  to  highlight,  the  considerable  differences 
compared  by  the  range  of  5  to  20  port  days  per  cruise.  It  should  be  held  in  mind  that 
for  all  average  time  to  plant  values,  one  day  (24  hours)  of  the  value  given  is  attributable 
to  the  task  of  deploying  the  buoy  and  a  safety  factor  of  1 .0  has  been  used. 

In  general,  developing  a  technique  to  complete  deployment  in  12  hours  or  less 
would  produce  a  greater  overall  improvement  in  operations  than  shifting  from  a  3 -port 
to  8-port  configuration,  or  shifting  frem  10  to  5  port  days  per  cruise.  In  short,  there 
would  be  a  large  payoff  in  keeping  deployment  time  while  on  station  to  the  minimum 
practicable— possibly  in  the  range  of  6  to  12  hours. 

Total  ship  operating  cost  to  deploy  buoys  is  presented  in  Fig.  7-11 .  For  the 
combined  CNA  and  DO  regions,  using  three  ports,  total  ship  operating  cost  ranges  from 
$5.95  million  to  $8.46  million,  in  going  from  5  to  26  port  days  per  cruise.*  The  10  port 
day  cost  value  is  $6.8  million.  The  corresponding  8-port  range  of  values  if  $5.58  million 
to  $8.09  million,  with  $6.4  million  for  the  10  port  day  value.  Clearly,  going  from  3 
porta  to  8  ports  produces  a  $490,000  savings,  before  other  coats  are  factored  in.  Con- 
ertfng  from  10  to  5  port  days  reduces  ship  operating  coats  by  about  $800 ,00C  (before 
deducting  the  additional  costs  of  the  alternate  crew);  changing  from  10  to  20  port  days 
increases  costs  by  about  $1 .6  million.  Shifting  from  10  to  20  port  days  per  cruise  is 
essentially  (but  not  exactly)  equivalent  to  usl-g  ten  10  port  day  per  cruise  condition 
with  a  safety  factor  of  about  l.S. 

The  avrrag  j  ship  operating  coat  per  buoy  planted  it  shown  in  fig.  7-12.  Tbs 
supporting  data  are  tabulated  in  Table  7-1  aad  need  cot  be  repeated  hers.  All  average 
costs  shown  in  1%.  7-12  He  somewhere  in  a  range  bounded  by  $1C4M  per  buoy  aad 

*Looeety  interpreted,  this  suggests  that  $6  million  is  probably  a  lower  bt  md  on  tbs 
cost  of  deploying  tea  3?5~buoy  ayctem,  and  $9  million  is  an  upper  bound  on  cost. 

183 


$30,000  per  buoy.  Average  costs  for  the  10  port  days  per  cruise  condition  are  in  an 
inner  range  of  $14,400  per  buoy  (CNA,  8-ports)  to  $25,900  per  buoy  (DO,  3-ports). 

In  summary,  an  effort  has  been  made  here  to  delineate  in  greater  detail  the 
general  and  relative  nature  of  savings  or  increased  cost  of  operations  due  to  variation 
in  port  days  per  cruise,  using  two  different  deployment  port  configurations.  In 
instances  where  savings  have  been  shown,  it  must  be  clearly  recognized  that  in  all 
cases  the  act  that  presumably  creates  the  savings  also  produces  secondary  costs  that 
have  not  been  considered  in  this  analysis.  Thus,  in  actual  practice,  there  would  be 
little  likelihood  of  achieving  all  of  the  savings  indicated. 

7,4  Relationship  of  Port  Days  to  Sea  Days 

To  contribute  to  overall  system  cost-effectiveness,  the  operational  schedule  for 
a  major  buoy  tending  ship  must  provide  a  high  average  rate  of  useage,  for  buoy  deploy¬ 
ment/maintenance  ships  represent  major  capital  investments.  Port  time-while 
obviously  necessary  for  refueling,  taking  on  supplies,  on-loading  ami  off-loading  data 
buoys,  etc.— may  also  be  representative  of  capital  investment  used  uneconomic  ally.* 

The  three  figures  presented  in  this  subsection— Figs.  7-13  through  7-15— show 
graphically  the  relative  average  port  days  and  average  sea  days  per  buoy  deployed 
in  the  CNA  region  (Fig,  7-13), in  the  DO  region  (Fig.  7-14),  and  in  the  combined  CNA 
and  DO  regions  (Fig.  7-15).  The  data  used  for  these  graphs  is  found  in  Table  7-1. 

All  three  figures  are  based  on  24  hrs  time -to -plant,  average  ship  speed  of  18  kt,  a 
s&fgty  JtectQf  <?f  l  ,Q,  and  use  of  the  3 -port  deployment. 

In  each  figure  the  average  time  at  sea  per  buoy  planted  is  a  fixed  function  of 
ship  buoy-carrying  capacity.  Maximum  port  days  per  cruise  is  the  principal  variable. 
Using  average  time  at  sea  per  buoy  planted  as  a  reference,  the  average  port  time  in 
the  CNA  region  is  27.5%,  53%,  and  1CS%  of  the  time  at  sea,  for  5, 10,  and  20  port  days 
per  cruise,  using  the  12-buoy  ship.  The  percentages  would  be  higher  for  an  8-buoy 
or  4-buoy  ship. 


*lhe  port  time  referred  to  here  is  defined  as  scheduled  ship  time  in  port  between 
scheduled  cruises.  It  does  not  include  the  approximately  60—75  days  required  every 
two  years  for  dry  dock  overhsul  of  the  ship. 
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Fig.  7-14.  Comparison  erf  Deep  Ocean  Average  Deployment  Time  Per  Buoy  Planted 
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Notes:  (1)  Time-to-plant  24  hr 

(2)  Safety  factor  1.0 
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Fig.  7-15.  Cooperteoa  of  Norton  Hendrptem  Avenge  Deployment  Tima  Per  Buoy 
Planted 
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For  the  DO  region— again  using  the  12-buoy  ship— cruises  are  longer  in  duration 
(some  exceed  the  the  desired  22.5  day  limit)  and  the  percentage  of  average  time  in  port 
per  buoy  planted,  relative  to  average  time  at  sea,  is  less  than  in  CNA:  18%,  32%,  and 
61.5%  for  5,10,  and  20  maximum  port  days  per  cruise. 

For  the  combined  CNA  and  DO  regions,  and  using  the  12-buoy  ship  and  other 
conditions  noted  previously,  the  percentage  of  average  time  in  port  per  buoy  planted, 
relative  to  average  time  at  sea  per  buoy  planted  is  23%,  45%,  and  89%  for  5, 10,  and 
20  port  days  per  cruise. 

In  all  cases,  the  use  of  a  ship  with  a  smaller  buoy-carrying  capacity  results  in 
a  higher  ratio  of  port  days  to  sea  days,  because  deployment  cruises  are  generally  of 
shorter  duration  due  to  a  smaller  number  of  buoys  being  deployed. 

To  summarize,  for  the  12-buoy,  18  kt  ship,  scheduling  20  port  days  per  cruise 
results  on  the  average  over  both  CNA  and  DO  in  essentially  equal  amounts  of  time  at 
sea  and  in  port  (using  a  safety  factor  of  1.0).  Correspondingly,  scheduling  10  port  days 
per  cruise  results  in  port  time  being  about  one-third  to  one-half  the  time  at  sea  for  DO 
and  CNA  respectively,  with  the  average  over  both  regions  being  slightly  less  than  half. 
Using  5  port  days  per  cruise  brings  the  ratio  of  port  days  to  sea  days  to  0.275  for  CNA, 
0.16  for  DO,  apd  0.23  for  both  regions  combined. 

It  might  be  noted  that  these  results  are  in  line  with  what  should  have  been  expected. 
The  fact  that  the  buoy  deployment/maintenanoe  simulation  and  cost  model  confirms 
what  appears  to  be  intuitively  true  does  not  diminish  the  usofti  loses  of  the  results.  Rather, 
it  places  more  confidence  in  the  use  of  relatively  simple  (denning  factors,  always  an 
important  goal  in  the  use  of  a  system  simulation  model.* 


*lt  is  nice  to  have  intuition  supported,  but  that  support  has  not  always  base  forth¬ 
coming  in  this  study.  For  example,  the  reduction  in  time  and  ship  sporadic  ooet  to 
deploy  buoys  by  going  from  a  1-port  to  aa  8 -port  dapioymaat  Mxflpa  ratios  was  mqpactad 
to  be  of  the  order  of  15-10%,  before  other  oasts  are  included .  Tbs  het  that  Am 
reduction  wss  of  the  order  of  5—6%  on  sa  overall  haste  did  jft  segpert  the  Initial 
intuitive  saswer.  Obvloaaly,  simalatloa  medals  are  also  lmportoat  to  help  dtsahass 
analysts  sad pUsnars  of  their  falsely  held  settees. 
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L  Effect  of  Port  Days  on  Average  Number  of  Buoys  Planted  per  Ship-year 

Deployment  (and  maintenance)  of  data  buoys  can,  under  most  economical  condi¬ 
tions,  take  place  only  in  a  quantum  (or,  modular)  sense.  Simply  put,  there  is  an  upper 
bound  on  how  much  a  deployment/maintenance  ship  can  accomplish  in  a  unit  period  of 
time.  To  do  substantially  more  requires  acquisition  of  another  ship.  Thus,  a  funda¬ 
mental  metric  (or,  planning  factor)  that  should  evolve  from  a  study  such  as  this  is  the 
deployment  (maintenance)  capability  of  a  ship  of  specified  characteristics.  A  con¬ 
venient  way  of  expressing  deployment  capability  is  in  terms  of  the  average  number  of 
buoys  planted  per  sh ip-year.  Here,  the  guidance  of  the  NDBS  DPO  has  been  followed 
and  an  average  ship-year  has  been  assumed  to  335  days. 

Buoy  deploying  capability  of  a  ship  is  a  function  of  ship  buoy-carrying  capacity, 
ship  speed,  total  distance  to  be  traveled  to  deploy  all  buoys  (which  in  turn  is  a  function 
of  buoy  and  port  locations),  time-to-plant  each  buoy,  and  port  days  per  cruise.  The 
desired  values  of  buoys  planted  per  ship-year  follow  directly  from  the  average  time  to 
deploy  buoys,  discussed  previously  in  this  section. 

Average  number  of  buoys  planted  per  ship-year  as  a  function  of  ship-buoy-carrying 
capacity,  maximum  port  days  per  cruise,  and  for  3-port  and  8-port  configurations  is 
given  in  Table  7-2.  lliese  data  are  graphically  presented  in  Figs.  7-16,  7-17,  and  7-18, 
for  the  3-port,  8-port,  and  12-buoy  ship  respectively. 

The  figures  (and  the  table)  support  the  conclusion  that  the  100  DO  buoys  in  the 
375-buoy  system  might  be  deployed  in  about  one  ship-year,  total*  But  it  ia  obvious  that 
it  would  probably  be  necessary  to  use  Guam  as  a  deployment  post  in  the  North  Pacific 
West  MDZ,  and  port  days  per  cruise  might  have  to  be  dose  to  5  days.* 

In  CNA  two  12 -buoy  18-kt  ships  could  deploy  all  276  buoys  from  the  3 -port  config¬ 
uration  within  a  year,  under  the  10-port  days  par  cruise,  safety  leotor  otl.0>  and  24  hr 
ttme-tr. -plant  conditions.  A  more  deelrable  situation  of  fewer  hours  to  plant,  fewer 
port  days  par  cruise,  and  more  deployment  port*  would  permit  deploying  the  276  buoys 
within  a  year  with  a  safety  factor  greater  than  1.0.  There  are  obviously  a  number  of 


•Not  obvious  from  these  values  and  graphs  is  the  fact  that  a  number  os  cruises 
would  ascend  22.6  days,  eves  at  (ha  18-fct  ship  speed.  Of  course,  if  time-te-plsat 
could  be  rodeoed  to  12  hr  rafter  than  N  hr,  thee  mors  desirable  deployment  schedules 
might  be  planned. 


12» 


TABLE  7-2 

AVERAGE  NUMBER  OF  DATA  BUOYS  PLANTED  PER  SKIP-YEAR  (335  DAYS) 


Region 

Ship  buoy- 

carrying 

capacity 

Average  maximum  number  of 
buoys  planted  per  ship-year 

Average  sensitivity 

(Buoys  planted/ship-year 
per  port  day /cruise) 

Maximum  port  days/cruise 

5 

LiL. 

20 

1  1 

3-Port 

CNA 

4 

92 

69 

45 

-3.2 

8 

136 

108 

77 

-3.9 

12 

164 

137 

.  - 

101 

-4.2 

DO 

4 

60 

49 

36 

-1.6 

8 

88 

75 

59 

-1.9 

12 

103 

90 

74 

-1.9 

Total 

4 

80 

62 

42 

-2.5 

8 

119 

97 

71 

-3.2 

12 

142 

120 

92 

-3.3 

8-Port 

CNA 

4 

105 

75 

48 

-3.8 

6 

151 

117 

81 

-4.7 

12 

174 

141 

104 

-4.7 

DO 

4 

87 

53 

38 

-1.8 

8 

83 

78 

00 

-3.2 

12 

108 

86 

76 

-2.3 

Total 

4 

81 

58 

45 

-3.1 

8 

128 

103 

74 

-3.7 

12 

150 

125 

* _ i 

-2.7 

Note*:  d)  TtnM-to-pUat  -  24  hr 
9)  Salsty  factor  *1,0 
(?'  Ship  ap#«d  -  18  kt 


Notes:  (1) 

Time-to-plant 

24  hr 

(2) 

Safety  factor 

1.0 

(3) 

Ship  speed 

V*  kt 

Average  number 
of  buoys  planted 
per  ship-year 


CNA:  275  buoys 


Average  number 
of  buoys  planted 
per  ship-year 


Average  number 
of  buoys  planted 
per  ship-year 


Fig.  7-1  g.  Average  Number  of  Buoys  Pi  voted  P??  Ship- Year  (3 -Port  Deployment) 


S 


200 

Average  number 
of  buoys  planted  100 
per  ship-year 

0 

5  10  20 


200 

Average  number 
of  buoys  planted  joo 
per  ship-year 

0 

5  10  20 


200 


100 


0 

6  10  20 
Maximum  port  days /cruise 


Fig.  7 -It.  Avexafs  Mosher  at  Beojrs  Planted  Par  iMp-Year  (12-Buoy  Stop) 


Average  number 
of  buoys  planted 
per  ship-year 
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deployment  planning  factors  that  can  be  modified  somewhat  to  achieve  certain  desired 

goals.*  . 

Table  7-2  shows  that  the  average  sensitivity  of  average  number  of  buoys  planted 
per  ship-year  is  in  the  range  of  1 .6  to  4.7  buoys  per  chip-year  per  decreased  port  day. 

Thus,  lowering  the  number  of  port  days  per  cruise  from  10  to  9  increases  the  average 
buoy-deploying  capability  of  a  12-buoy,  18  kt  ship  by  about  4  buoys  per  ship-year  in 
the  CNA  region,  or  about  2  buoys  per  ship-year  in  the  DO  region. 

This  concludes  the  analysis  of  the  effect  of  variation  in  port-days  per  cruise. 

While  there  is  no  suggestion  that  a  definitive  analysis  has  been  performed,  it  is  sug¬ 
gested  that  the  results  discussed  in  this  section  provide  a  reasonably  firm  basis  for 
development  planning  efforts  at  this  time.  Simple  planning  factors  such  as  the  capa¬ 
bility  of  a  12-buoy,  18  kt  ship  to  deploy  about  90  to  140  buoys  per  ship-year  must  be 
clearly  qualified  ,t  but  the  likely  range  of  variation  around  these  bounds  is  more  of  the 
order  of  10  to  30  per  cent,  rather  than  by  factors  of  2  or  0.5. 

The  results  discussed  in  fids  section  have  been  based  on  a  buoy  '‘population"  of 
375  northern  hemisphere  buoys.  It  was  shown  in  Section  5  that  for  a  population  of  this 
general  size,  statistical  results  averages)  are  essentially  independent  of  minor  varia¬ 
tions  in  the  actual  number  of  buoys  or  variations  in  the  actual  locations  cf  buoys,  as 
long  as  the  proportion  of  buoys  in  each  of  the  13  northern  hemisphere  MDZs  is  held 
relatively  constant.  These  facts  afford  added  confidence  in  the  qualified  use  of  these 
results.  Rather  loosely  interpreted,  the  results  given  for  5  port  days  per  cruise 
probably  represent  an  upper  bound  on  the  most  performance  that  can  be  expected  from 
a  deployment  ship.  The  results  for  20  port  days  per  cruise  probably  represents  a 


♦Note  that  only  the  feasibility  of  deploying  375  buoys  in  one  year  has  been  addressed 
here.  The  question  of  whether  deployment  of  all  375  buoys  by  three  12-buoy,  18  kt 
ships  within  one  year  is  an  acceptable  goal  has  not  been  considered.  Nor  has  the 
question  been  addressed  concerning  the  capability  to  fabricate  approximately  400  data 
buoys  in  a  relative  short  time.  These  questions  are  also  important  and  will  require 
thorough  consideration. 

tin  particular,  in  terms  of  safety  factor  (1 .0),  time-to-plant  (24  hra),  ship  buoy¬ 
carrying  capacity  (12),  average  ship  speed  (18  kt),  and  port  days  per  cruise  (10). 
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lower  bound  or  deployment  performance.  Thus,  it  is  likely  that  this  analysis  has 
bracketed  the  region  within  which  the  answer  lies.  No  more  stringent  interpretation 
of  the  results  couM  be  considered  valid  at  this  point  in  time. 
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3-0  RECOMMENDATIONS  FOR  FURTHER  3TUDY 

The  results  presented  in  this  report  represent  only  the  first  step  in  the  determin¬ 
ation  of  cost-effective,  preferred  buoy  deploy ment/mainte nance  operations.  The 
deployment  and  maintenance  of  ocean  data  buoys  involves  a  highly  interrelated  man- 
machine  mix;  and  the  operation  is  couched  in  the  natural  uncertainty  imposed  by  an 
often  hostile  ocean  invironment.  For  a  system  of  the  complexity  under  consideration 
here,  the  advantages  to  be  accrued  by  undertaking  modest  simulation  and  costing  efforts 
are  immense,  for  dozens  of  deployment/maintenance  cruise  schedules  and  parameter 
variations  can  be  investigated  at  the  cost  of  operating  (me  future  buoy  deployment/ 
maintenance  ship  for  a  fraction  of  a  day . 

Simulation  studies  are  never  completely  finished,  of  course.  Instead,  investiga¬ 
tion  becomes  more  detailed  in  certain  areas  of  highest  interest  and  the  model  expands 
to  cover  more  facets  of  the  system  and/or  additional  model  sophistication  is  developed 
into  the  existing  model.  A  good  system  simulation  model  will  usually  find  a  place  in 
the  operation  of  the  system,  once  development  has  been  completed  and  implementation 
begun.  Operation  of  the  NDBS  will  always  be  sufficiently  costly  to  justify  the  use  of  a 
simulation  model  of  modest  proportion  as  a  management  guide  when  making  additions 
to, or  revision  of, the  overall  system.  The  remainder  of  this  section  briefly  outlines 
four  of  the  many  areas  in  which  buoy  deploy ment/ maintenance  simulation  and  cost 
studies  could  reduce  uncertainties  in  the  early  stages  of  system  development  planning. 

8.1  Deploy roent/Mftlnte nance  Scheduling  and  Ship  Characteristics  Optimization 
It  is  possible  at  this  time  to  begin  investigating  the  allocation  of  time  to  tl» 
various  tasks  to  be  performed  in  deployment  and  maintenance:  Investigation  of  bottom 
characteristics  (for  anchoring),  transfer  of  data  buoys  to  and  from  the  ship,  paying  out 
and  reeling  in  (and  storing)  two  to  three  n  mi  of  mooring  for  most  buoys,  affixing  and 
removing  clamp-on  oceanographic  sensor  packages,  testing  equipment  before,  during, 
and  after  deployment,  etc.  Factors  such  as  these  impinge  on  man-power  requirements 
(and,  hence,  base  cost  per  sea -day)  and  the  cruise  schedule,  as  the  ship  goes  from 
station  to  station.  This  study  has  made  evident  that  buoys  are  not  likely  to  be  uniformly 
distributed  throughout  the  world's  oceans.  Given  this  condition,  it  is  necessary  to 
investigate  the  pseudo- random  effects  of  typical  deployment  patterns  on  conceptually 
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“optimum15  deployment/ maintenance  detailed  scheduling.  This  work  could  be  carried 
out  using  the  present  TRC  buoy  deployment/maintenance  model. 

8.2  Evolutionary  System  Growth 

This  study  has  presented  a  broad  view  of  the  buoy  deployment  problem,  with 
only  occasional  reference  to  the  follow-on  maintenance  task.  At  this  point  it  would  be 
desirable  to  consider  possible  data  buoy  production  rates  and  desired  evolutionary 
system  growth  patterns.  “Are  all  buoys  to  be  deployed  within  a  span  of  approximately 
one  year,  or  would  it  be  more  desirable  to  effect  deployment  (and  subsequent  mainte¬ 
nance)  of  a  system  of  (say,  375)  buoys  over  a  period  of  three  years?"  This  question 
and  a  number  of  similar  ones  are  in  need  of  investigation  at  this  time,  because  of  the 
long  leadtime  required  for  ship  construction  (up  to  5  years)  and  the  need  to  analyze  the 
impact  of  alternative  system  development  programs.  As  noted  elsewhere  in  this 
report,  the  selection  of  average  ship  speed,  buoy -carrying  capacity,  maximum  port 
days  per  cruise,  and  average  time-to-plant  establishes  essentially  a  “quantum" 
system  capability.  This  quantum  capability  should  be  correlated  with  the  “critical 
mass"  (i.e,  density  and  observing  capabilities)  of  buoys  in  a  given  area,  else  the 
deployed  buoys  may  be  unable  to  adequately  resolve  the  natural  phenomena  in  the  area, 
and,  hence,  produce  observations  that  are  satisfactory  for  the  intended  data  use .  Thus, 
it  would  be  desirable  to  start  with  the  constraining  ship  and  operational  characteristics 
and  determine  approximately  how  well  data  requirements  can  be  met  by  each  added 
“quantum"  of  system  capability.  In  this  fashion,  feasible  time-phased  evolutionary 
system  growth  patterns  can  be  established  and  considered  (elsewhere)  in  terms  of 
cost-effectiveness,  cost-benefits,  and  worth  to  the  nation.*  A  study  of  this  kind  could 
be  performed  using  the  existing  TRC  buoy  deployment/ maintenance  model. 

8.3  Maintenance  Optimization 

Because  of  the  cyclic  nature  of  buoy  maintenance,  it  is  a  cost  recurring  item  and 
should  be  optimised,  to  the  degree  possible.  It  has  been  noted  elsewhere  in  this  report 
that  buoy  maintenance  is  looked  upon  as  a  somewhat  more  complex  task  than  buoy 


♦System  worth  to  the  nation  extends  beyond  the  realm  of  purely  economic  benefits . 
Also  Included  are  social  benefits,  international  cooperation  and  leadership,  and  enhance¬ 
ment  of  the  national  defense  posture. 
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deployment,  for  it  is  presumed  that  both  buoy  and  mooring  retrieval  and  buoy  and 
mooring  deployment  would  take  place  at  each  required  data  observation  site.  Further¬ 
more,  if  buoys  are  refurbished  aboard  ship,  then  number  of  spare  buoys  carried, 
refurbishment  time,  commensurate  personnel  requirements,  etc.  all  become  additional 
parameters  to  be  considered.  The  operation  of  buoy  retrieval  and  deployment  will 
likely  be  best  performed  during  daylight.  If  this  becomes  a  requirement,  then  non- 
uniform  buoy  network'5  may  add  an  additional  dimension  of  complexity  to  'tast”  cruise 
scheduling  procedures.  Capability  to  perform  the  deploy ment/maintenance  operation 
in  six  hours  (or  less)  may  become  a  feature  of  great  significance.*  These  and  similar 
questions  can  be  investigated  using  the  available  TRC  buoy  deploy  ment/maintenance 
model. 

8.4  Effect  of  the  Hostile  Environment 

Both  statistical  and  (Incomplete)  synoptic  marine  environmental  data  records 
are  available  and  should  be  used  to  determine  potential  adverse  offsets  on  typical  buoy 
deployment  and  maintenance  cruise  scheduling.  Synoptic  environmental  data  records 
are  available  from  the  U.S.  Navy  Fleet  Numerical  Weather  Center  (Monterey).  Also, 
TRC  has  several  years  of  global  weather  records  available  (they  are  presently  being 
used  in  support  of  an  NSF/MIT  global  circulation  study).  The  existing  TRC  buoy 
deployment/maintenance  simulation  model  could  be  modified  to  determine  the  environ¬ 
mental  conditions  at  each  point  of  buoy  deploy ment/ maintenance .  Various  decisions 
rules  (based  on  winds,  sea  state,  precipitation  rate,  etc.)  could  be  investigated,  as  a 
function  of  seasonal  variations  in  the  marine  environment,  for  various  geographical 
regions.  Addition  of  this  simulation  feature,  and  use  of  both  statistical  and  synoptic 
data  would  add  considerable  additional  credence  to  results  obtained  from  the  TRC  buoy 
U^^.loyroent/ maintenance  model,  as  well  as  more  thorough  insight  into  the  actual  nature 
of  future  data  buoy  deploy  ment/maintenance  operations. 


•For  example,  it  has  been  pointed  out  in  the  body  a!  this  report  that  reducing 
time-to-plant  from  24  to  12  hours  could  provide  for  a  given  ship  about  as  much  savings 
overall  in  average  ship  operating  cost  per  buoy  deployed  as  any  other  Motor  considered. 
Interestingly  enough,  reducing  time-to-implant-and-retrieve  to  8  hr,  but  requiring 
that  implanting  and  retrieving  take  place  during  daylight,  probably  would  not  produce 
additional  Urge  savings.  This  point  needs  investigation. 
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APPENDIX  A 

TYPICAL  OUTPUT  FROM  THE  BUOY  DEPLOYMENT/MAINTENANC E 
SIMULATION  AND  COST  MODEL 


The  ten  figures  in  this  appendix  provide  the  interested  reader  with  an  example  of 
the  computer  output  of  the  TRC  buoy  deployment/maintenance  simulation  and  cost 
model.  The  data  shown  apply  to  4  cruises  with  a  12-buoy  ship  used  to  deploy  48  buoys 
in  the  North  Atlantic  MDZ  (see  Fig.  5-3).  The  48  buoys  are  part  ol  the  500-buoy 
(baseline)  system. 

Figure  A-l  gives  the  input  buoy  deployment  conditions:  Starting  deployment 
date,  deployment  port  (buoys  can  also  be  taken  on  at  a  depot  after  leaving  port,  !f 
desired),  base  average  cruising  speed,  ship  buoy-carrying  capacity,  overall  safety 
factor,  base  time  to  implant  one  buoy  after  arriving  at  location,  maximum  port  days 
,ier  cruise,  etc.  Also  shown  are  the  number  of  buoy3  carried  on  each  cruise  and  the 
lumber  of  navigation  points  used  on  each  cruise.  For  costing  purposes,  the  base  cost 
of  the  buoy  (i.  e. ,  total  cost,  less  depth  dependent  costs  for  mooring  line  and  tine- 
mounted  oceanographic  sensor  packages),  the  unit  cost  of  oceanographic  sensor 
packages,  and  the  cost  per  unit  length  of  mooring  roust  also  be  Input.  These  are  shown 
at  the  bottom  of  Fig.  A-l,  along  with  the  mooring  scope. 

The  location  of  all  buoys,  in  the  order  deployed,  is  shown  in  Fig.  A-2.  This 
also  Includes  computed  output  of  the  cost  o'  each  buoy,  based  on  the  ocean  depth  of 
the  point  deployed.  The  ocean  depth  determines  the  mooring  length  and  the  number  of 
oceanographic  sensor  packages  (using  IAPSO  levels  and  a  sensor  package  at  the 
bottom,  If  the  distance  to  the  IAPSO  level  above  is  0.7  or  more  of  the  applicable  IAPSO 
increment).  The  output  provides  a  sum  of  the  buoys  deployed  as  a  check. 

The  details  of  each  of  the  four  cruises  ere  given  in  Fig.  A-3  through  Fig.  A-6. 
(This  printout  can  be  aurpressed  K  an  input  control,  if  desired. )  Note  that  the  de¬ 
ployments  took  (at  a  minimum)43  7, 38.2,  42.2,  and  36.9  days.  All  of  these  cruises 
(at  9  kt  average  ship  speed)  greatly  exceed  the  22. 5  days  considered  desirable  for  • 
completely  perfect  cruise  (i.e. ,  safety  factor  of  1. 0).  The  computer  program  makaa 
note  of  the  point  in  the  cruise  at  which  the  desired  cruise  time  was  exceeded.  (The 
desired  cruise  time  is  an  input  quantity  and  can  be  varied. )  Aa  can  be  teas,  the 
distance  back  to  port  from  each  buoy  is  given.  The  program  alto  keeps  a  running 
tally  of  time  of  events  (there  Is  a  ‘'clock''  designed  Into  the  program)  and  total  time 
accrued.  Using  one  set  of  cost  input  figures,  typical  deployment  costs  are  also  shown. 
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RUN  NRR  *04  DATE  4  OCT  6R 


NORTH  ATLANTIC  M07  HASP  LINE  <  500 )  BUOY  LOCATIONS 

INCLUDES  NEW  SHIR  SPA-JAY  AND  PORT-DAY  COST  COMPUTATIONS 


STARTING  DEPLOYMENT  D£TF  *  l  JAN  69 
CONSTANTS  iJSFO  FOR  THIS  DEPLOYMENT 
PORT 

NAMF  *  PORTSMOUTH  V 
LAT  *  36. SN 
LONG  ^  76.  SW 

DEPOT 

NAME  *  PORTSMOUTH  V 
LAT  *  36. 5N 
LONG  *  7ft. SW 

SHIP 

NAMF  * 

AVFRAGE  CRUISING  SPEED,  KTS  *  9.0 

MAXIMUM  RUDY  CAPACITY  »  12 

OVERALL  SAFETY  FACTOR  «  1.33 

HOURS  TO  IMPLANT  J  BUOY  «  12.0 

OFSIRFO  SFA  DAYS  PER  CRUISE  -  30.0 
MAXIMUM  SEA  OAVS  PER  CRUISE  ■  99.0 
MAXIMUM  PRT  OAYS  PER  CRUISE  »  10. 0 

LOAO/CRUI SF 
17  1?  1?  12 

NAV  POINTS/CRUISE 
10  0  1 


RUOY  COSTS 

BUOY  k/o  S/S  SENSORS  fl«  MOORING  *  ft  138CD0. 
SUBSURFACE  SFNSOR  PACKAGE,  f*CH  *  ft  7000. 
MOORING  LINE  PFR  1000  FT  «  A  t?50. 
MOORING  SCOPE  *  1,00 


Flf.  A-l  Input  Buoy  Deployment  Condition*  for  North  AtUstic  MUZ 


% 
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RUN  NBA  904  DATE  4  OCT  68 


NORTH  ATLANTIC  HOI1  BASE  LINE  « 500*  BUOY  LOCATIONS 
INCLUDES  NEW  SMI®  SEA- DAY  AND  P'OAT-DA  Y  •»  ,T  CONFUTATIONS 


BUOYS  -  IN  ORDER  DEPLQYEO 


DEGS 

OEGS 

OEATH 

88S1C 

S/S 

TOTAL 

NBA 

LAT 

LONG 

IFT1 

COST 

PKGS 

COST 

NAU 

42.  ON 

31. 5M 

9600 

•158000. 

18 

•300800.00 

NA 12 

41. ON 

20 . 5M 

13200 

•158000. 

19 

•314100.00 

NA  13 

41. ON 

10. ow 

15000 

•158000. 

20 

•324250.00 

NA  6 

49.  SN 

25. OW 

13200 

•158000. 

19 

*314100.00 

NA  7 

49. SN 

12. OW 

480 

*138000. 

8 

*214840.00 

NA  8 

50. 2N 

0.4W 

100 

•158000. 

4 

•186175.00 

NA  4 

59.0N 

2.0E 

500 

•158000. 

8 

•214875.00 

NA  2 

58. 5N 

17. 5W 

4800 

•159000. 

16 

•278400.00 

NA  1 

58. ON 

34.  OW 

7200 

•158000. 

17 

*289600.00 

NA  1 

49. 5N 

38.  OW 

12000 

•158000. 

19 

*312000.00 

NA  10 

43. 5N 

41. 5W 

15000 

1156000. 

20 

•324250.00 

NA  9 

38. ON 

55.  OW 

16200 

•158000. 

20 

1 326350.00 

NA?? 

24. 5N 

54. 5W 

18000 

•158000. 

20 

*329500.00 

NA2J 

24. 5N 

46.  OW 

12000 

•158000. 

19 

*312000.00 

KA24 

25.  ON 

37. OW 

15000 

•158000. 

20 

*324230.00 

NA25 

25.  ON 

28. OW 

18000 

•158000. 

20 

♦329500. OC 

NA26 

24. 5N 

19. OW 

10800 

•158000. 

18 

*302900.00 

NA20 

33. ON 

10. 5W 

14000 

•158000. 

19 

•315500.00 

NAI4 

36. ON 

5.8W 

300 

•158000. 

7 

*207525.00 

NA19 

33. ON 

20.  OW 

15000 

•158000. 

20 

•324239.00 

NA18 

31. 5N 

29.  5W 

12000 

•158000. 

19 

•312000.00 

NA17 

33. ON 

38. OW 

9600 

•158000. 

18 

•300800.00 

NA16 

35. ON 

48. 5W 

12000 

•138000. 

19 

•312000.00 

NAl» 

33.  ON 

58.  5W 

15600 

•158000. 

20 

•325300.00 

NA34 

R.2N 

43. OW 

15000 

*158000. 

20 

•324250.00 

NA64 

0.*N 

4 1 .  §W 

15000 

•158000. 

20 

•324250.00 

NA45 

0.2N 

33. OW 

15000 

•158000. 

20 

•324250.00 

NA40 

3.  2N 

34.SW 

15600 

•158000. 

20 

•325300.00 

NA41 

8.2N 

24.  SW 

15000 

•158000. 

20 

3324250.00 

NA44 

O.ZN 

2S.5W 

12000 

•158000. 

19 

•312000.00 

NA47 

O.iN 

18. OW 

12000 

•158000. 

!9 

*312009.00 

HA<V8 

*.2N 

18.2W 

15000 

•158000. 

?C 

*324250.00 

NASA 

IA.BN 

18. 2W 

9000 

•138000. 

IB 

•299750.00 

WA35 

16.5N 

27. ON 

13000 

•138000. 

20 

•124250.00 

NAJ4 

U.5N 

35.  OW 

16200 

•138000. 

20 

•126390.00 

NA13 

*.  6.5N 

43.  OW 

15000 

•138000. 

20 

*324250.00 

NA?7 

1 7, ON 

81.  TW 

1533 

*15*000. 

12 

*244683.00 

NA<* 

1A.ON 

73. 5W 

9000 

•138000. 

18 

*299750.00 

NA  3 

13. ON 

7I.5W 

12000 

•158000. 

19 

*312000.00 

NA29 

17. ON 

67. OW 

11400 

•158000. 

19 

•310950.00 

NASO 

15.5N 

A4.5W 

6000 

•158000. 

17 

*287500.00 

NASI 

1 4.  RN 

59. OW 

18000 

8158000. 

20 

•329500.00 

NA37 

10. ON 

60.  OW 

600 

•158000. 

9 

•222050.00 

NAAS 

2. ON 

48. OW 

400 

*158000. 

8 

•214700.00 

NASA 

8.2N 

51. 5W 

15010 

•158000. 

20 

•324248.00 

NtS2 

1A.5N 

51. 5W 

13000 

•158000. 

20 

•324250.00 

NA4B 

22. BN 

61. AW 

18900 

1158000. 

20 

•331075.00 

NAZI 

25. 5N 

66.  OW 

18000 

•158000. 

20 

•329500.00 

TOTAL  BUOY  HAROHME  COST  IW/O  SPARES!  •  14670*39.00 


TOTAL  NR*  OB  WOYS  TO  BE  DEPLOYED  •  4B 

Pig.  A- 2.  Buoy  LocattoM,  Dipdw,  Nanbor  of  Oouanogrtphlc  Saaaor  Ptcfcagau 
Hatful  rad,  and  Buoy  Hardvuru  Coot*. 

1*4 


RUN  NBR  904  DATE  4  OCT  60 


SOUTH  ATLANTIC  *07  BASE  LINE  15001  BUOY  LOCATIONS 
INCLUDES  SEN  SHI*  SEA- DAY  A NO  PORT-DAY  COST  CONFUTATIONS 

CRUISE  GFPLOVNENT  SUNNARY 

CRUISE  l 

ON-LOADED  I?  BUOYS  AT  PORTSNOUTH  ¥ 

SH|»  UN*eRWAV  I  JAN  69  AT  000  HRSt  SEAOAYS  «  0.0 


BUOYS  I NPL ANTED  IN  FOLLOWING  ORDER 


BUOY 

DECS 

OEGS 

N  N| 

H  Nt  TO 

OATE 

SEA 

OPLYNT 

NBR 

LAT 

LONG 

87  WN 

PORT 

DAY 

DAY 

NAU 

42. ON 

31. 5W 

2096 

2096 

11  JAN 

10,2 

10.2 

NA12 

41. ON 

20. 5W 

490 

2594 

14  JAN 

13.0 

13.0 

N  A 1 5 

41. ON 

10. OW 

476 

5053 

17  JAN 

13.7 

15.7 

N  A  6 

49. 5N 

25. ON 

012 

2343 

21  JAN 

20.0 

20. 0 

EXCFEOFO  OESIREO  SEA 

OAYS  TO 

INPLANT 

ABOVE  BUOY 

NA  7 

49. 5N 

12. CW 

506 

2040 

24  JAN 

22.0 

22.8 

NA  0 

50.  2N 

0.4M 

451 

3276 

26  JAN 

25.4 

25.4 

NV50 

5 ! .  ON 

I. OF 

71 

3315 

27  JAN 

25.7 

25.7 

NA  4 

59. ON 

2.DE 

402 

3226 

29  JAN 

20.5 

20,5 

NA  2 

5B.5N 

17. 5N 

606 

2624 

3  FEB 

31.0 

31.9 

NA  I 

50.  ON 

54. OW 

521 

2107 

6  FEB 

34.  T 

34.7 

NA  5 

4<i.5N 

50.  OW 

550 

1830 

B  FEB 

37.7 

37.7 

NAin 

45. 5N 

41.  BW 

500 

1692 

11  FEB 

40.0 

40.0 

NA  4 

30. ON 

55. OW 

696 

1030 

U  FEB 

43.7 

43.7 

SHIP 

RETURNED 

TO  PORTSNOUTH  V 

ON  19  FEB  69  AT 

1700  HRS 

N  NILES  STEANEO  THIS  CRUISE  «  9160 

BUOYS  INRLANTfO  THIS  CRUISE  •  12 

TOTAL  BUOY  INPLANTED  TO  OATE  •  12 
BUOYS  REPAIRING  TO  BE  OPLVO  *  36 

NININUN  PSBL  SEA  OAVS  FOR  THIS  CRUtSE  •  60.4 
NININUM  REQUIRED  PORT  DAYS  •  10. 0 

NININUN  PSit  Of PlOYNENT  OAYS  TO  OATE  •  50.4 

NIN  OPLYNT  OAVS  *  SAFETY  FACTOR  «  77,7 

-  AT  •  S600.00  PER  SEA  DAY  - - 

NININUN  SHIP  COST  FOR  THIS  CRUISE  0  376949.00 

NIN  SHIP  COST  X  SAFETY  FACTOR  t  501542,00 

TOTAL  NININUN  SHIP  COST  TO  DATE  S  576949.00 

TOTAL  NIN  COST  I  SAFETY  FACTOR  A  §01542.00 

Fig.  A-l.  DNail«l  Ovtpot  far  Pint  Nntt  Attntlo  MDZ  Doploymoat  CndM. 


UB 


RUN  NBR  904  DAT F  4  OCT  68 

NORTH  ATI  ANTIC  MO*  BASE  LINE  15001  BUOY  LOCATIONS 
INCLUDES  NEW  SHIP  SEA-DAY  AND  PONT -DAY  COST  COMPUTATIONS 

CRUISE  DEPLOYMENT  SUMMARY 

CRUISE  2 

OM-LUAOED  12  BUOYS  AT  PORTSMOUTH  V 

SHIP  UNDERWAY  29  FEB  69  AT  1T00  HRS,  SEAOAYS  «  0.0 

BUOYS  IMPLANTED  IN  FOLLOWING  OROER 


BUOY 

DFGS 

DEGS 

N  MI 

N  MI  TO 

DATE 

SEA 

OPLYMT 

NBR 

L  AT 

LONG 

5TWN 

PORT 

DAY 

DAY 

NA22 

24.  5N 

54. 5W 

1343 

1343 

6  MAR 

6.7 

65.2 

NA23 

24. 5N 

46.  OW 

464 

1726 

9  MAR 

9.4 

67.8 

NA24 

25. ON 

37. OW 

492 

2137 

11  MAR 

12.1 

70.6 

NA25 

25.  ON 

28. OW 

490 

2570 

14  MAR 

14.9 

73.4 

NA26 

24. 5N 

19. OW 

492 

3019 

17  MAR 

17.7 

76.1 

EXCEEDED  DESIREO  SEA 

DAYS  TO 

IMPLANT 

ABOVE  BUOY 

NA20 

33. ON 

10. 5W 

678 

3201 

21  MAR 

21.3 

79.8 

NA 14 

36. ON 

5.  BW 

294 

3343 

22  MAR 

23.2 

81.7 

NA19 

33.  ON 

20. OW 

725 

2758 

26  MAR 

27.1 

85.5 

NA18 

31. 5N 

29. 5W 

491 

2336 

29  MAR 

29.8 

86.3 

NA17 

33. ON 

38.  OW 

441 

1900 

2  APR 

32.4 

90o  8 

NA16 

35. ON 

48. 5W 

536 

1364 

5  APR 

35.4 

93c  9 

NA!.  5 

33. ON 

58.5W 

512 

912 

8  APR 

38.2 

96.7 

SHIP  RETURNED  TO  PORTSMOUTH  V  ON  12  APR  69  AT  500  HRS 

N  MILES  STEAMED  THIS  CRUISE  «  7874 

BUOYS  IMPLANTED  THIS  CRUISE  »  12 

TOTAL  BUOY  IMPLANTED  TO  DATE  ■  24 
BUOYS  REMAINING  TO  BE  OPLVD  »  24 

MINIMUM  PSBL  SEA  DAYS  FOR  THIS  CRUISE  «  42.5 

MINIMUM  REQUIRED  PORT  DAYS  »  10. 0 

MINIMUM  PSBL  DEPLOYMENT  OAVS  TO  DATE  *  110.9 

MIN  OP' YMT  DAYS  X  SAFETY  FACTOR  •  14T.5 

-  AT  «  5600.00  PER  SEA  OAV  - 

MINIMUM  SHIP  COST  FOR  THIS  CRUISE  «  555923.00 

MIN  SHIP  COST  X  SAFETY  FACTOR  $  446777.00 


TOTAL  MINIMUM  SHIP  COST  TO  DATE 
TOTAL  MIN  COST  X  SAFETY  FACTOR 


712872.00 

948120.00 


fig.  A-4.  Detailed  Output  for  Second  North  Atlantic  MDZ  Daptaynant  Cndao, 


^  (  ^  _  **  '  '  -A’  £ 

,^-f  4  <?  |  ,  .*8* 

NBR  9C4  DATE  4  DC.  T  6R 

•  NORTH  ATLANTIC  MOZ  BAS*  L  INF  (5001  RUDY  I0CAT10NS 

INCLUDES  NEW  SHI  ®  SEA-DAY  A  NO  PORT-DAY  COST  COMPUTATIONS 


CRUISE  DEPLOYMENT  SUNNARY 
CRUISE  3 


« 


ON-LOADED  12  BUOYS  AT  PORTSMOUTH  V 


SHIP 

UNDERWAY 

2?  APR 

69  AT 

500  HRS » 

SFADAYS  * 

0.0 

RUOYS 

IMPLANTED  IN  FOLLOWING 

ORDER 

«UOY 

DECS 

OEGS 

N  MI 

N  MI  TO 

DATF 

SEA 

DPIYMT 

NBR 

LAT 

LONG 

BTWN 

PORT 

DAY 

OAY 

NA39 

B.2N 

63.  OW 

2497 

2497 

4  MAY 

12.1 

123.0 

NA66 

0.5N 

41.5W 

471 

2910 

6  MAY 

14.7 

125.7 

NA45 

0.2N 

33. OW 

511 

3257 

9  MAY 

17.6 

128.5 

EXCEEOFD  DESIRED  SEA 

OAYS  TO 

IMPLANT 

ABOVE  BUOY 

NA4C 

8.2N 

34.  5W 

489 

2852 

12  MAY 

20.4 

131.3 

NA61 

8.2N 

26. 5W 

475 

32  09 

15  MAY 

23.1 

134.0 

NA46 

0.2N 

25. 5W 

484 

3574 

18  MAY 

25.8 

136.7 

NA47 

0.  IN 

IB. ow 

450 

3913 

20  MAY 

28.4 

139.3 

NA42 

8.2N 

IB. 2W 

407 

3596 

23  MAY 

31.2 

142.1 

NA  36 

16. BN 

IP.  ?W 

516 

3294 

26  MAV 

34.1 

145.0 

NA35 

16.5N 

27.  CM 

50  7 

2883 

29  MAY 

36.9 

147.8 

NA36 

16.  5N 

35. OW 

461 

7508 

1  JUN 

39.5 

150.5 

NA  33 

16. 5N 

43. OW 

461 

2148 

4  JUN 

42.2 

153.1 

SHIP 

RETURNED 

TO  PORTSMOUTH 

V  ON  14 

JUN  69  AT 

700 

MRS 

N  HILFS  STEAMED  THIS  CRUISE  =  996? 

BUOYS  I  NFL ANTED  THIS  CRUISE  «  12 


TOTAL  BUOY  IMPLANTED  TO  DATE  *  36 
BUOYS  REMAINING  TO  BE  OPLYD  »  12 

NfNINUN  PSBL  SEA  DAYS  FOR  THIS  CRUISE  «  52.1 
MINIMUM  RFQUIREO  PORT  DAYS  ■  10.0 

MINIMUM  PSBL  DEPLOYMENT  OAYS  TO  DATE  »  173.0 

MIN  DPIYMT  DAYS  X  SAFETY  FACTOR  *  230.1 

- - — —  AT  A  5600.00  PER  SEA  DAY - 

MINIMUM  SHIP  COST  EOR  THIS  CRUISE  *  602121.00 

MIN  SHIP  COST  X  SAFETY  FACTOR  %  536021.00 

TOTAL  MINIMUM  SHIP  COST  TO  OATE  #  1116992.00 


TOTAL  MIN  COST  X  SAFETY  FACTOR 


1682939.00 


Fig.  A-S.  Detailed  Output  fa;  Third  North  Atlantic  MDZ  Daptojrmant  CndM. 


ut 


RUN  NBR  004  DATE  4  OCT  68 


NORTH  ATI  ANTIC  NDZ  BASF  L  INF  1500)  BUOY  LOCATIONS 
INCLUDES  NEW  SHIP  SEA-OAY  ANO  PORT-OAY  COST  COMPUTATIONS 

CRUISE  DEPLOYMENT  SUMMARY 

C»U1SF  4 

ON— LOADED  12  BUOYS  AT  PORTSMOUTH  V 


SHIP 

UNDERLAY 

24  JUN 

69  AT 

700  MRS. 

SEAOAYS  * 

0.0 

BJOVS 

IMPLANTED  IN  FOLLOWING 

ORDER 

BUOY 

OEGS 

OEGS 

N  MI 

N  MI  TO 

DATE 

SEA 

OPLYMT 

NBR 

LAT 

LONG 

3TWN 

PORT 

OAY 

OAY 

NV4<) 

20. ON 

74.  CM 

1000 

1000 

28  JUN 

4.6 

177.7 

NA27 

17.  ON 

B1.7W 

6  74 

1204 

1  JUL 

7.3 

180.4 

NA29 

16. ON 

73.  5W 

476 

1242 

4  JUL 

10.0 

183.1 

NA  3 

13.  ON 

78. 5W 

342 

1416 

6  JUL 

12.1 

185.1 

NA29 

17. ON 

67.0W 

709 

1276 

10  JUL 

15.9 

186.9 

NA30 

15. 5N 

66.  5W 

170 

1416 

11  JUL 

17.2 

190.2 

NA3I 

16.  BN 

59.  OW 

327 

1506 

13  JUL 

19.2 

192.2 

N437 

10. ON 

60.  ON 

412 

1828 

15  JUL 

21.6 

194.6 

EXCEEOEO  DESIRED  SEA 

OAYS  TO 

IMPLANT 

ABOVE  8UOV 

NA63 

2.  ON 

48. CW 

863 

2607 

20  JUL 

26.1 

199.1 

NA3« 

B.2N 

51. 5W 

427 

2191 

22  JUL 

28.6 

201.6 

NA32 

16. 5N 

51. 5W 

498 

1793 

25  JUL 

31.4 

204.4 

NA4R 

22. 8N 

61. 6W 

685 

1130 

29  JUL 

35.1 

208.1 

NA21 

25.  5N 

66.  OW 

290 

853 

1  AUG 

36.9 

210.0 

SHIP 

RETURNED 

TO  PORTSMOUTH 

Y  ON  5  i 

AUG  69  AT 

400  HRS 

N  MILES  STEAMED  THIS  CRUISE  •  7531 

BUOYS  IMPLANTED  THIS  CRUISE  •  12 

TOTAL  BUOY  IMPLANTED  TO  DATE  •  *8 
BUOYS  REMAINING  TO  BE  DPIYO  •  0 

MINIMUM  PSBL  SEA  DAYS  FOR  THIS  CRUISE  -  40.9 
MINIMUM  REQUIRED  PORT  DAYS  *  10. 0 

MINIMUM  PSBL  DEPLOYMENT  DAYS  TO  DATE  •  223. 9 


MIN  OPLVMT  OAYS  *  SAFETY  FACTOR 


»  297.8 


-  AT  t  5600.00  PER  SEA  DAY  - 

MINtMUM  SHIP  COST  FOR  THIS  CRUISE  *  325066.00 

MIN  SHIP  COST  X  SAFETY  FACTOR  t  632311.00 


TOTAL  MINIMUM  SHIP  COST  TO  DATE 
TOTAL  MIN  COST  X  SAFETY  FACTOR 


8  1660037.00 

»  1915269.00 


fig.  A-6  D«taii«d  Output  for  Fourth  North  AM  Ratio  MDZ  Hftoymat  CndM. 


r  :  Yi 


The  crucial  output  values  from  all  cruises  are  combined  in  Fig,  A-?,  the  system 
deployment  summary.  At  this  point  are  listed  the  total  distance  traveled  to  deploy  all 
buoys,  the  total  length  of  mooring  line  required  and  the  average  depth,  the  total  and 
average  number  of  oceanographic  sensor  packages,  total  and  average  hardware  costs, 
and  many  other  key  items. 

For  the  system  operation  simulated  by  the  buoy  deployment/maintenance  model, 
distance  traveled  depends  only  on  location  of  ports,  buoys,  and  navigation  points .  Buoy 
costs  depend  on  assigned  input  values  and  depth.  But  the  ship  operating  cost  is  a 
function  of  distance  traveled,  speed,  port  days  per  cruise,  tirae-to-plant  each  buoy, 
and  ship  base  cost  per  sea-day,  fuel  cost,  and  ship  maintenance  cost.  Thus,  once  the 
total  distance  traveled  has  been  computed,  variables  in  several  other  dimensions  must 
be  considered.  Figure  A -8  through  Fig.  A-10  show  the  data  needed  to  make  an  analy¬ 
sis  of  the  complex  interactions  of  the  variables.  The  base  conditions  are  listed  at 
the  top  of  each  figure,  including  a  matrix  of  costs  for  the  various  conditions  to  be  in¬ 
vestigated.  The  remainder  of  each  of  these  three  output  sheets  shows  various 
parameter  output  values  for  variations  in  time -to- pi  ant  and  ship  speed.  In  the  three 
"Deployment  Cost"  columns,  minima  can  be  identified  at  speeds  of  15  or  18  kt  in  all 
three  figures.  Minima  in  deployment  posts  occurred  at  speeds  of  15  or  18  kt  for  all 
deployment  configurations  and  cost  Inputs  used  in  this  study.  As  shown  elsewhere  in 
this  report,  addition  of  prerated  ship  construction  cost  does  not  alter  this  important 
result. 

In  Fig.  A -8  through  Fig.  A-10,  certain  output  data  are  presented  on  the  basis  of 
a  safety  factor  of  1. 0  and  a  safety  factor  of  4/3.  A  safety  faotor  of  1. 0  implies 
minimum  time  and  cost  for  the  stipulated  conditions.  Results  based  on  safety  factor 
of  1. 0  are,  therefore,  lower  bound  results  (for  the  stipulated  input  data).  *  Use  of  a 
safety  faotor  of  4/3  gives  numerical  results  for  comparative  purpose?  that  represent 
highly  probable  upper  bounds  on  these  values.  In  other  words,  cruises  will  probably 
not  take  longer  and  costa  will  probably  not  be  greater  than  133%  of  the  minimum 
attainable  values  for  the  given  iaput  conditions. 


•That  la,  cruises  will  take  at  least  as  long  and  deployment  will  ooat  at  least  as 
much  as  the  results  found  using  •  safety  factor  of  1. 0. 


RUN  NRR  904  DATE  4  OCT  68 


NORTH  ATLANTIC  MDZ  RASE  LINE  1 5001  BUOY  LOCATIONS 
INCLUDES  NEW  SHIP  SEA-DAY  ANO  PORT-DAY  COST  COMPUTATIONS 


SYSTEM  DEPLOYMENT  SUMMARY 


STARTING  DATE  *  l  JAN  69  AT  800  HRS 


CRUISE 

BUOYS 

N  MILES 

MIN  SHIP 

MIN  SHIP 

TOTAL  MIN 

MIN  X 

NBR 

OPLYD 

STEAMED 

SEA  OAYS 

PRT  DAYS 

DPLY  DAY'S 

SAFETY 

1 

12 

916ft 

48.4 

10. 0 

58.4 

77.7 

7 

12 

7874 

42.5 

10.0 

52.5 

69.8 

3 

12 

9962 

52.1 

10.0 

62.1 

82.6 

4 

12 

7531 

40*9 

10. 0 

50.9 

67.7 

4 

4ft 

34538 

183.9 

40.0 

223.9 

297.8 

- - - - AT  %  5600.00  PER  SEA  DAY - 

MINIMUM  SHIP  COST  FOR  THIS  DEPLOYMENT  I  1460037.00 
MINIMUM  SHIP  COST  X  SAFETY  FACTOR  *  1915249*00 

TOTAL  COST  FOR  BUOY  HARDWARE  DEPLOYED  %  14470639.00 

TOTAL  FEET  Of  MOORING  REOUIRED  ■  555223 

TOTAL  S/S  SENSOR  PACKAGES  OPLYO  •  845 

AVERAGE  DEPTH  PER  BUOY  IN  MOZ  *  11567 

AVERAGE  N8R  OF  S/S  PKGS  PER  BUOY  IN  MOZ  -  17 

AVERAGE  HARDWARE  COST  PER  BUOY  IN  NDZ  8  301472.00 

AVERAGE  01  STANCE  TRAVELED  PER  BUOY  DEPLOYED  •  719  N  MI 

SUMMARY  OF  CONSTANTS  USED  FOR  THIS  DEPLOYMENT 
SHIP  AVERAGE  SPEED  *  9.0 

SHIP  MAX  BUOY  CAPACITY  ■  12 
HRS  TO  IMPLANT  l  BUOY  «  12*0 


MAXIMUM  GEOGRAPHICAL  LOCATIONS 

WEST  NORTH  EAST  SOUTH 

17. ON  B1.7W  59. ON  2. OF  39*0N  2*0E  O.IN  18. OW 

THE  SHORTEST  MOORING  WAS  100  FEET  AT  50.2N  0*4W 
THE  DEEPEST  MOORING  WAS  18900  FEET  AT  22. 8N  61. 6W 

Fig.  A- 7.  Systran  Deployment  Summary:  Output  far  All  Four  North  Atlantic 
MDZ  Deployment  Cruises, 
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APPENDIX  B 


STRATEGIES  FOR  8UOT  DEPLOYMENT  CRUISE  SCHEDULES 


In  the  course  of  developing  the  TRC  buoy  deployment/maintenance  simulation 
and  cost  computer  model,  it  was  recognized  that  manual  choice  would  have  to  be  made 
for  locations  of  buoy,  ports,  and  navigation  points.  It  was  also  elected  to  use  manual 
selection  for  buoy  deployment  cruise  scheduling.  * 

While  it  was  intuitively  apparent  that  certain  cruise  schedules  would  be  "better" 
than  others,  it  was  also  agreed  that  a  limited  amount  of  analysis  was  needed  to 
delineate  between  or  among  strategies  for  cruise  ocheduling  that  appeared  essentially 
equally  good.  The  analysis  was  performed  cn  a  series  of  models  that  might  best  be 
described  as  first  approximations  to  typical  data  buoy  networks  of  the  future.  By 
constraining  the  geometry  of  the  deployment  configuration  to  easily  handled  cases,  it 
has  been  possible  to  show  preference  of  deployment  schemes,  even  to  the  point  of 
establishing  a  crossover  point  of  preference  between  two  alternative  schemes. 

Tho  results  obtained  corroborate  "common  sense"  strategies,  and  give  guidance 
where  the  difference  in  the  metric  (total  distance  traveled)  of  two  schemes  is  small. 
This  analysis  was  used  as  a  guide  for  the  deployment  schedules  used  in  the  study 
presented  in  this  report. 

B,  1  Approach 

Deployment  of  data  buoys  from  a  port  to  a  close-by  or  distant  region  is  com¬ 
parable  to  a  classic  transportation  problem.  It  involves  a  constrained  version  of  the 
well-known  Traveling  Salesman  Problem:  namely,  given  a  Bet  of  random  locations, 
what  is  the  minimum  distance  the  salesman  must  travel  to  visit  all  points?  Of  course, 
there  is  no  known  closed  form  solution  to  this  classical  problem. 

In  this  analysis,  the  constraints  imposed  by  the  buoy  deployment  problem  are. 

In  general,  assumed  to  be: 

(1)  The  deployment  ship  must  return  to  the  original  deployment  port. 
v2)  The  number  of  buoys  to  be  deployed  Is  much  greater  than  the  number 
of  buoys  carried  per  trip. 


* 

Cruise  scheduling  is  defined  as  the  sequence  in  which  a  deployment/mamtenance 
ship  visits  given  geographical  points. 
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The  first  constraint  can  be  relaxed,  but  that  will  not  be  done  in  this  analysis.  The 
second  constraint  is  essentially  axiomatic  for  this  problem  (if  it  is  relaxed,  the 
problem  reverts  to  the  classical  one). 

While  it  is  true  that  an  optimum  solution  to  the  deployment  problem  is  difficult 
to  achieve,  it  is  possible  to  show  by  demonstration  using  specific  simple  models  that 
one  deployment  strategy  is  better,  equal  to,  or  worse  than  another  strategy.  Because 
data  buoy  deployments  are  by  no  means  totally  random,  it  is  also  possible  to  look  at 
certain  easily  manipulated,  geometrically  describable  deployment  patterns  and 
analytically  show  relative  preference  for  certain  deployment  schedule  strategies.  In 
short,  in  certain  instances  "common  sense"  buoy  deployment  schedule  strategies  can 
be  augmented,  guided,  or  confirmed. 

B.  2  An  Example;  Circular  Buoy  Deployment  Patterns 

As  a  first  example  of  preferable  buoy  deployment  strategies,  consider  the 
simple  circular  buoy  deployment  pattern  shown  in  Fig.  B-l. 


PORT 


j  -  180* 


Fig.  B-l.  Buoys  Uniformly  Distributed 


Assume  the  deployment  ship  carries  4  buoys  per  trip.  Then  two  simple  alter¬ 
native  deployment  strategies  are:  * 

(1)  Make  4  round  trip  trips,  going  out  each  line  of  buoys  and  returning 

(2)  Make  4  trips,  deploying  4  buoys  on  a  circumferential  pattern,  at 
radius  =  R,  3/4R,  1/2R,  and  1/4R. 

In  the  first  case,  the  total  distance  traveled  is  8R.  In  the  second  case,  the 
total  distance  traveled  is  5R  +  2. 5  *  R  (=  12. 85  R).  Therefore,  it  is  clear  that  the 
first  deployment  strategy  is  to  be  preferred. 

If  the  angle  0  ^  is  reduced,  a  crossover  point  can  be  found  at  which  the  distance 
traveled  using  the  second  scheme  is  equal  to  8R.  For  still  smaller  values  of  a, ,  it 
is  preferable  to  use  the  second  deployment  scheme,  because  the  distance  traveled  is 
less  than  8R.  The  value  of  0^  at  which  the  two  schemes  result  in  equal  distance 
traveled  is  found  from: 


5  *1 

5R  +  !  WR  S3  *  8R 


or, 


ei  =  <180>  SF 

=  68. 8  deg 


This  condition  is  shown  in  Fig.  B-2. 

B.  3  Second  Example:  Rectangular  Buoy  Arrays 

As  a  second  example,  consider  the  case  where  the  buoys  are  all  grouped  to¬ 
gether  at  a  distance  from  the  port  that  is  large  compared  to  the  equal  spacing  between 
buoys.  Assume  for  convenience  that  buoy  spacing  is  uniform,  as  shown  in  Fig.  B-3. 
Let  Deployment  Scheme  1  be  that  shown  in  Fig,  B-4(a)  and  Deployment  Scheme  2  be 
that  shown  in  Fig.  B-4(b). 


There  are  obviously  other  strategies  in  addition  to  these  two. 


Fig.  B-4.  Two  Deployment  Schemes 


It  is  apparent  that  for  Scheme  1  the  distance  traveled  to  implant  8  buoys  with  a 
4-buoy  capability  ship  is  approximately  2  x  (2R  +  3d),  while  for  Scheme  2  the  distance  < 

would  be  (2R  +  3d)  +  (2R  +  5d).  Obviously,  Scheme  1  is  preferred  because  a  savings 
in  distance  of  2d  can  be  achieved. 

A  comparable  case  might  be  the  deployment  of  16  buoys  using  an  8-buoy 
capacity  ship,  for  the  configuration  shown  in  Fig.  B-3.  Using  Scheme  1  requires 
approximately  (2R  +  7d)  x  2  distance  traveled.  Scheme  2,  modified  as  shown  in 
Fig.  B-5,  requires  (2R  +  7d)  +  (2R  +  lid).  Again,  Scheme  1  is  preferred  because 
of  the  saving  of  4d  distance,  In  this  instance. 

B.  4  Third  Example;  North  Atlantic  Deployment 

Based  on  the  demonstration  of  preferred  deployment  strategies  for  simple 
deployment  configurations,  it  is  possible  to  extrapolate  to  more  complex  configura¬ 
tions  comparable  to  those  associated  with  NDBS  deployments.  The  third  example 
(Fig.  B-6. )  is  a  simple  geometric  approximation  to  a  North  Atlantic  Modular  Deploy¬ 
ment  Zone  with  approximately  30  to  40  buoys,  with  deployment  from  a  centrally 
located  U.  S.  port,  such  as  Portsmouth,  Va.  The  deployment  field  can  be  approxi-  f 

mated  by  a  4  x  8  array  of  buoys  with  a  uniform  spacing  of  d.  The  port  is  taken  to  be 
on  the  horizontal  line  fourth  from  top.  A  buoy  deployment  vessel  with  a  capacity  of 
8  buoys  is  directly  applicable  to  this  general  problem,  assuming  there  is  no  constraint 
on  trip  time.  * 


Fig.  B-5.  Scheme  2  Modified 


*A  trip  time  constraint  can  be  overcome  by  reduction  in  time-to-plant  and/or  by 
increased  ship  speed,  in  some  instances. 
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Fig.  B“6.  Ac  Idealized  North  Atlantic  Buoy  Deployment 

Three  deployment  schemes  will  be  demonstrated,  as  shown  in  Fig.  B-7.  The 
total  distances  traveled  are; 


Scheme  1 


Total  deployment  distance  = 

D  +2>/d2  +<?  +  2>J  D2  +  4d2  +  2V D2  3d2  +Vl)2"+iod2  +  28d. 


Scheme  2 


Total  deployment  distance  - 


V  D2  +9d2  +Vd2  +  16c!2  +V  (D  +  d)2  +  9d2  +V(D  +  d)2  +  18? 

+>/  (D  +  2d)2  +  9d2  +V  (D  +  2d)  +  led2  +V"(D  +  3d)2  +  9d2  +  V(D  +  3d)2  +  16d2 


+  28d 


Scheme  3 


Total  deployment  distance  = 


V  D2  +  4d2  +  2>/  D2  +  3d2  Wd2  +  lOd2  +  14d 
+Vd2  +  d2  +  D  +  7d  W  p  +  2d)2  +  d2  +  D  + 


I'.  *  .  '  ..  Mt 
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Strategy 
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Strategy 


Fig.  B-7.  Three  Deployment  Schemes  for  the  North  Atlantic 

By  comparing  non-equal  terms  from  the  Scheme  1  and  Scheme  2  expressions,  if  is 
obvious  that  Scheme  1  is  preferred: 


Scheme  1 _ |  8oheme  2 


D 

< 

Vd2  +  ©d2 

V?T7 

< 

V  D2  +  led2 

Vd2  +I12 

< 

V  (D  +  d)2  +  ad2 

V  D2  +4CI2 

< 

V(D+d)2  +16d2 

< 

V(D+2d)2  +9d2 

Vd2  + 9 d2 

< 

V(D  +  2d)2  +  led2 

f 
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Scheme  1  j  Scheme  2 

Vd2  +  led2  <  V(D  +3d)2  +  16d^ 

In  fact,  for  the  special  case  where  D  *  d  (a  very  reasonable  condition),  it  is  quickly 
seen  that  for  Scheme  1  the  total  distance  traveled  is  47. 3d  while  for  Scheme  2  the 
total  distance  traveled  is  64. 4d.  Thus,  Scheme  2  requires  approximately  36  percent 
more  travel  than  Scheme  1. 

It  is  convenient  to  compare  Scheme  3  with  Scheme  1  in  this  same  fashion. 
Scheme  3  requires  a  travel  distance  of  49. 3d,  or  only  4  percent  more  travel  than 
Scheme  1.  Thus,  while  Scheme  1  is  the  preferred  one,  it  is  clear  that  Scheme  3 
is  a  close  competitor.  In  an  actual  case,  where  perfect  geometric  symmetry  of 
spacing  does  not  exist,  conditions  might  be  such  that  Scheme  3  becomes  preferred. 

For  the  special  case  where  D«  d  (which  will  be  taken  to  the  extreme  condition 
of  D  =  0)  the  following  relationships  hold: 

Scheme  Distance  Traveled 

1  42  d 

2  59. 6  d 

3  45. 2  d 

Again,  Scheme  1  is  to  be  preferred,  particularly  over  Soheme  2,  but  only  marginally 
with  respect  to  Scheme  3. 

B.  5  Fourth  Example;  A  Port  Within  a  Rectangular  Buoy  Array 

Under  certain  conditions,  buoy  arrays  may  exist  surrounding  the  service  port 
(Honolulu,  Hawaii,  serving  the  Eastern  North  Pacific  provides  an  excellent  example). 
Based  on  guidance  from  previous  examples,  it  Is  apparent  that  a  deployment  scheme 
approximating  deployment  along  a  radius  is  likely  to  provide  the  best  strategy. 

A  typical  example  of  buoys  surrounding  the  service  port  is  shown  in  Fig.  B-8. 
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Fig.  B-S.  A  Port  Within  a  Rectangular  Buoy  Array 

For  the  array  shown,  the  shortest  distance  to  be  traveled  in  deploying  the 
32  buoys  with  a  ship  carrying  8  buoys  per  trip  is: 

8 

R  +28d 
n 

where  Rq  is  the  distance  from  port  to  first  or  last  buoy  deployed  on  a  trip,  as  indi¬ 
cated  in  Fig.  B-8. 

If  the  buoy  tender  can  carry  16  buoys/trlp  (or,  if  it  can  service  16  buoys  after 
deployment),  then  the  best  strategy  requires  a  travel  distance  of 

WW30d 

The  preference  of  these  two  strategies  can  be  inferred  from  demonstrations  in  the 
previous  examples,  and  need  not  be  repeated  here. 

B.  6  Summary 

This  analysis  has  attempted  to  establish  —  by  demonstration,  not  by  rigorous 
general  proof  —  preferred  strategies  .or  deployment  (and  later  maintenance)  of  data 
buoys.  The  general  task  involves  finding  a  solution  to  a  variation  of  the  Traveling 
Salesman  Problem  But  the  actual  buoy  deployment/maintenance  task  is  a  much  con¬ 
strained  problem  for  which  cert'  ..j  strategies  are  preferred  and  "good"  (not  neces¬ 
sarily  ptimum)  solutions  are  often  relatively  obvious. 

To  simplify  the  analysis,  several  easily  described  geometric  buoy  deployment 
patterns  have  been  analysed  in  some  detail.  In  one  instance  (buoys  on  radial  lines), 
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it  has  been  shown  that  a  crossover  condition  exists,  making  one  deployment  strategy 
preferable  until  crossover  occurs,  at  which  point  the  other  strategy  is  the  better. 

In  the  other  examples  considered,  one  strategy  is  always  to  be  preferred,  but  in  some 
instances  the  degreee  of  difference  in  distance  traveled  was  minor,  and  in  an  actual 
application,  deviations  from  the  solution  indicated  for  the  "clean"  geometric  case 
might  bring  about  a  preference  to  use  a  mixed  strategy. 

The  results  given  here  have  been  used  as  guidance  for  the  extensive  TRC  digital 
computer  buoy  deployment  simulation.  The  TRC  buoy  deployment/maintenance  model 
can  be  used  to  generate  travel  distances  for  any  deployment  scheme,  hence,  com¬ 
parisons  of  deployment  strategies  specifically  tailored  to  particular  buoy  and  port 
locations  can  be  sasily  achieved. 
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time-to-implant  each  buoy,  and  costa  associated  with  each  cruise.  The  results 
of  computer  analyses  appropriate  to  the  operation  of  National  Data  Buoy  Systems 
are  presented.  Significant  results  include  factors  affecting  the  optimum 
maintenance  ship  design  (a  12-buoy,  18-knot  design  was  clearly  superior),  average 
number  of  buoys  deployable  par  ship-year,  comparison  of  use  of  three  end  eight 
deployment  ports,  average  cost  per  buoy  deployed,  and  similar  factors  useful  in  the 
initial  design  and  development  of  National  Data  Buoy  Systems. £  J 
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